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THE  ELECTRIC  STIMULATION  OF  THE  CHROMATO- 
PHORAL  NERVE-FIBERS  IN  THE  DOGFISH 


G.  H.  PARKER 


(From  the   Woods  Hole   Oceanographic  Institution1   and  the  Marine  Biological 

Laboratory,  Woods  Hole,  Afass.) 

In  the  chromatophoral  color  changes  of  the  common  dogfish,  Muste- 
lus  cams,  whereby  this  fish  may  assume  a  dark  or  a  light  coloration,  it 
has  been  shown  that  the  dark  phase  is  excited  by  secretions  from  the 
pituitary  gland  (Lundstrom  and  Bard,  1932)  and  that  the  light  one  is 
due  to  the  action  of  concentrating  nerve-fibers  (Parker  and  Porter, 
1934).  Parker  and  Porter  stimulated  these  fibers  by  cutting  them 
transversely,  a  procedure  that  was  particularly  successful  when  it  was 
carried  out  near  the  base  of  a  fin.  Under  such  circumstances  a  light 
band  quickly  appeared  on  the  fin  in  what  was  obviously  the  area  of 
peripheral  distribution  for  the  severed  nerve-fibers.  That  the  operation 
had  caused  no  serious  disturbance  in  the  blood  supply  to  the  region 
concerned  could  be  shown  by  a  microscopic  examination  of  the  living 
skin  in  the  band  itself.  By  this  means  an  unimpeded  flow  of  blood  in 
the  light  area  could  easily  be  demonstrated.  Parker  and  Porter  em- 
ployed no  other  method  for  stimulating  the  chromatophoral  nerve-fibers 
than  cutting  them.  In  the  present  paper  it  is  intended  to  show  that  an 
electric  current  from  an  inductorium  is  as  efficient  a  means  of  stimu- 
lating these  fibers  as  is  their  severance. 

It  was  found  convenient  to  experiment  on  the  anterior  dorsal  fin 
of  the  dogfish.  This  fish,  with  its  dorsal  fin  uppermost,  can  be  tied  to 
a  wooden  carrier  and  kept  indefinitely  quiescent  by  providing  it  with  a 
current  of  sea  water  over  its  gills.  Near  the  root  of  its  dorsal  fin  and 
not  far  from  the  anterior  edge  of  this  structure  a  cut  5  mm.  long,  trans- 
verse to  the  fin  rays  and  completely  through  the  fin  was  made  as  a  means 
of  exciting  a  peripheral  light  band.  Posterior  to  this  cut  and  in  line 
with  it  two  moderately  large  needle  holes  were  made  through  the  fin 
and  about  5  mm.  apart.  Into  each  hole  was  inserted  the  platinum  elec- 

1  Contribution  No.  60. 

1 


2  G.  H.  PARKER 

trode  from  an  electric  inductorium  which,  hmvever,  was  not  yet  in 
operation.  The  whole  preparation  was  allowed  to  stand  for  half  an 
hour.  During-  this  time  a  well-developed  light  hand  formed  in  the 
region  of  the  fin  peripheral  to  the  cut  but  no  change  was  noticeable  in 
that  part  of  the  fin  that  was  distal  to  the  two  holes.  Having  been  as- 
sured that  the  making  of  the  holes  and  the  insertion  into  them  of  the 
two  electrodes  had  not  changed  the  coloration  of  the  fin,  I  now  started 
the  inductorium.  About  ten  minutes  after  this  had  been  done  a  light 
area  began  to  appear  in  the  fin  peripheral  to  the  holes  and  in  25  minutes 
it  was  well  pronounced  and  essentially  indistinguishable  from  that  which 
had  resulted  from  the  cutting  of  the  fin  (Fig.  1).  This  test  was  car- 
ried out  on  four  fishes  and  with  similar  results  in  all  cases. 

When  a  fin  into  which  electrodes  have  been  inserted  is  simultane- 


FIG.  1.  Photographic  side  view  of  the  anterior  dorsal  fin  of  a  dark  common 
dogfish,  Mustelus  canis,  which  has  been  stimulated  to  the  formation  of  light  hands 
by  a  transverse  cut  near  the  anterior  edge  of  the  fin  and  by  electric  stimulation 
posterior  to  this  cut.  The  two  holes  into  which  the  electrodes  were  inserted  can 
be  seen  as  dots  in  line  with  the  transverse  cut  but  posterior  to  it.  The  resultant 
light  areas  are  seen  in  the  fin  peripheral  to  the  two  regions  of  stimulation. 

I 

ously  stimulated  both  by  making  the  current  and  by  cutting  the  nerve- 
fibers  in  positions  such  as  have  already  been  described,  the  formation 
of  the  two  light  bands  can  be  watched  step  by  step.  Under  such  cir- 
cumstances thev  will  be  seen  to  form  at  essentiallv  the  same  rate  and 

j  j 

In  the  same  degree.  Thus  there  seems  to  be  no  real  difference  in  tin- 
light  bands  formed  by  these  two  methods  and  I  therefore  conclude  that 
stimulation  by  an  electric  current  is  as  effective  for  the  concentrating 
melanophore  nerve-fibers  as  is  cutting. 


STIMULATION  OF  CHROMATOPHORAL  NERVE-FIBERS 

In  Fundnlus  the  cutting-  of  the  chromatophoral  nerve-fibers  stimu- 
lates the  dispersion  of  melanophore  pigment,  not  its  concentration. 
Electrical  stimulation  of  these  fibers,  on  the  other  hand,  stimulates  con- 
centration, not  dispersion  (Mills,  1932).  In  my  opinion  these  condi- 
tions are  not  the  result  of  an  exclusive  action  of  the  two  means  of 
stimulation  on  different  classes  of  fibers.  Both  concentrating  fibers 
and  dispersing  fibers  are  in  all  probability  excited  by  each  agent.  The 
difference  is  due,  I  believe,  to  the  greater  ease  with  which  concentrating 
fibers  can  be  excited  electrically  and  dispersing  fibers  by  cutting.  In  the 
dogfish,  where  only  one  set  of  fibers  is  present,  those  concerned  with 
pigment  concentration,  both  types  of  stimulation  are  effective  in  bring- 
ing about  the  same  reaction.  These  reactions  are  best  seen  in  dog- 
fishes that  have  not  reached  the  stage  of  maximum  darkness  but  which 
are  only  moderately  dark.  This  is  probably  due  to  the  great  effective- 
ness of  the  pituitary  secretion  by  which  the  dogfish  melanophores  are 
excited  to  disperse  their  pigment  as  contrasted  with  the  weaker  effect 
of  the  concentrating  nerve-fibers  which  induce  the  opposite  change 
(Parker  and  Porter,  1934). 

CONCLUSION 

The  concentrating  melanophore  nerve-fibers  of  the  dogfish  can  be 
excited  to  action  whereby  the  fish  may  be  locally  blanched  as  wrell 
through  electric  stimulation  as  through  mechanical  stimulation  (cutting). 
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A  NUPTIAL  SECONDARY  SEX-CHARACTER  IN 
FUNDULUS  HETEROCLITUS 

GEORGE  HOWARD  PARKER  AND  HELEN  PORTER  BROWER 
(From  the  Biological  Laborbiorics,  Howard  University) 

Everyone  who  has  selected  Fundiihis  for  eggs  or  sperm  is  familiar 
with  the  striking  coloration  pattern  in  the  males  and  especially  with 
the  dark  splotch  in  the  posterior  part  of  the  dorsal  fin  in  this  sex  (New- 
man, 1907).  This  splotch  is  made  up  of  melanophores  and  is  not 
without  interest.  To  test  its  constancy  in  relation  to  sex  one  hundred 
killifishes  were  opened  during  the  breeding  season  (June,  1934)  and 
their  sex  determined  by  an  inspection  of  their  gonads.  Forty-seven  of 
these  fishes  proved  to  be  males  and  fifty-three  females.  All  the  males 
exhibited  the  fin-mark  already  alluded  to  and  none  of  the  females 
showed  it.  Apparently  it  is  a  character  accurately  associated  with  sex. 

It  is  in  all  essential  respects  undisturbed  by  the  change  of  Fundulus 
from  the  dark  to  the  light  condition  or  the  reverse.  Figure  1  shows  the 
dorsal  fin  of  a  male  fish  in  the  dark  phase,  and  notwithstanding  the  gen- 
erally deep  tone  of  the  fin,  the  nuptial  mark  stands  out  conspicuously. 
The  anterior  three- fourths  of  the  free  edge  of  the  fin  contains  so  few 
melanophores  as  to  appear  quite  light.  The  rest  of  the  fin  carries  the 
nuptial  mark  composed  of  a  great  abundance  of  large  melanophores. 
Here  and  there  in  this  part  of  the  fin  are  elongated  light-spots  parallel 
with  the  rays.  The  last  few  interrays  near  the  posterior  edge  of  the 
fin  are,  on  the  whole,  densely  black  with  several  striking  light-spots 
that  add  intensity  to  the  mark.  This  darkened  area  and  especially  its 
posterior  portion  is  what  we  have  called  the  nuptial  mark.  In  the  light 
condition  of  the  males  the  mark,  especially  its  posterior  part,  is  still 
conspicuous  (Fig.  2).  In  the  female  the  dorsal  fin  is  uniformly  dotted 
over  with  melanophores  which  neither  in  the  dark  state  (Fig.  3)  nor 
in  the  light  one  (Fig.  4)  show  any  special  concentration. 

About  a  quarter  of  an  hour  after  a  male  Fundulus  has  been  put  into 
a  white-walled  illuminated  vessel  it  will  have  become  extremely  light- 
tinted  in  that  the  pigment  in  its  skin  melanophores  will  have  assumed  a 
high  degree  of  concentration.  The  nuptial  mark,  however,  will  remain 
under  these  circumstances  conspicuously  dark  as  though  the  pigment  of 
its  melanophores  had  failed  to  concentrate.  If,  however,  this 'spot  is 
examined  under  the  microscope  it  will  be  seen  to  be  made  up  of  many 
melanophores,  both  large  and  small,  in  all  of  which  the  pigment  is 
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strongly  concentrated.  Their  number,  however,  is  so  great  as  com- 
pared with  that  in  equal  areas  of  other  parts  of  the  body  that  notwith- 
standing the  state  of  their  pigment  they  form  a  dark  area.  But  the 
nuptial  spot  is  not  only  a  rich  aggregation  of  melanophores ;  it  is  a 
region  in  which  a  large  amount  of  free  melanin  occurs.  This  melanin 
is  in  the  form  of  clumps  in  the  tissue  spaces  of  the  skin  and  probably 
results  from  the  disintegration  of  color-cells  in  which  it  was  once  con- 
tained. In  this  way  the  nuptial  mark  in  a  light  fish  remains  a  con- 


Four  enlarged  views  of  the  dorsal  fins  of  Fundulus  heteroclitus,  two  from 
males  and  two  from  females,  one  in  each  sex  for  the  light  condition  and  the  other 
for  the  dark.  In  each  instance  the  anterior  edge  of  the  fin  is  to  the  left.  Photo- 
graphs by  Dr.  F.  M.  Carpenter. 

FIG.  1.     Dorsal  fin  of  a  male  in  dark  condition. 

FIG.  2.     Dorsal  fin  of  a  male  in  light  condition. 

FIG.  3.     Dorsal  fin  of  a  female  in  dark  condition. 

FIG.  4.     Dorsal  fin  of  a  female  in  light  condition. 

spicuous  feature  even  though  the  pigment  in  its  melanophores  may  have 
gone  into  a  concentrated  state. 

Fundulus,  some  ten  minutes  after  it  has  received  a  subcutaneous  in- 
jection of  adrenalin,  will  become  extremely  light  in  that  the  pigment  in 
both  its  large  and  its  small  melanophores  will  have  become  maximally 
concentrated.  But  even  in  this  extreme  state  the  male  nuptial  mark  is 
still  conspicuous  and  for  the  same  reason  as  that  already  given ;  its 
melanophores  are  so  numerous  that  even  though  their  pigment  is  con- 
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centrated  by  adrenalin,  tbey  nevertheless  constitute  a  dark  area  in  the 
fin  of  a  light  fish.  Their  response  to  adrenalin  allies  them  with  the 
melanophores  of  the  rest  of  the  fish,  but  puts  them  in  contrast  with  the 
yellow  and  red  cells  in  the  so-called  "  Hochzeitskleid  "  of  Plio.rinus, 
which,  according  to  Abolin  (1925a)  and  to  Giersberg  (1930)  are  not 
influenced  by  adrenalin. 

The  male  nuptial  mark  has  an  interesting  history  throughout  the 
year.  This  history  has  been  followed  for  some  eighteen  months  on 
material  in  part  from  Woods  Hole  and  in  part  from  the  neighborhood 
of  Boston.  Massachusetts.  Xo  nuptial  marks  have  been  noticed  in 
male  }:uin1uliis  from  these  localities  between  the  months  of  November 
and  of  March.  In  April  the  mark  begins  to  appear.  It  is  present  in 
May.  is  well  pronounced  in  June  and  July,  diminishes  in  August,  and 
disappears  in  November.  It  is  therefore  quite  clearly  a  mark  of  the 
breeding  season,  as  in  fact  the  generally  high  coloration  of  the  male 
also  is.  It  does  not.  however,  belong  to  that  group  of  color  changes 
such  as  have  been  studied  recently  by  Wuncler  (1931  )  in  Rhodcus  and 
which  momentarily  flash  up  in  the  male  during  the  breeding  act.  It  is 
a  permanent  sign  of  the  whole  breeding  season  and  its  limitation  to 
one  sex  suggests  that  it  may  result  from  some  male  neurohumor  pro- 
duced during  that  period  and  acting  on  a  specially  receptive  area  in  the 
dorsal  fin  of  the  fish.  (See  Abolin.  1925&.) 

SUMMARY 

The  male  of  Fundulus  heteroclitus  possesses  a  secondary  sex-char- 
acter in  the  form  of  a  melanophoric  mark  on  its  dorsal  fin  to  be  seen 
from  April  to  November  but  not  at  other  times  of  the  year.  It  may 
therefore  be  described  as  nuptial.  It  does  not  occur  in  the  female. 
It  is  composed  of  an  unusually  dense  aggregation  of  melanophores 
whose  melanin  even  when  concentrated  (light  phase)  forms  a  con- 
spicuous dark  mark. 
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RESPONSES  OF  DEEP-SEATED   MELANOPHORES   IN 
FISHES  AND  AMPHIBIANS 

MARY  SEARS 

(From  the  Zoological  Laboratories,  Radcliffe  College) 

INTRODUCTION 

Although  there  have  heen  numerous  investigations  of  the  activities 
of  the  skin  melanophores  (Parker,  1930),  only  a  few  have  included 
the  deep-seated  melanophores.  These  (Lichen,  1906;  Ogneff,  1908; 
Hooker,  1912;  Allen,  1917;  Smith,  1916;  Fischel,  1920;  Uyeno,  1922; 
Gilson,  1926;  Yamamoto.  1931)  suggest  little  correlation  in  the  ac- 
tivities of  the  two  sets  of  melanophores.  In  amphibians,  the  absence 
of  any  marked  response  in  the  deep-seated  cells  to  such  drugs  as  adrena- 
lin may  have  been  due  to  a  degenerate  condition,  since  most  of  the 
earlier  work  was  carried  out  after  killing  the  animal.  In  fish,  various 
reactions  have  been  found,  some  identical  to  those  in  the  skin,  others 
the  reverse.  Because  of  these  results,  it  seemed  well  to  examine  the 
activities  of  the  deep-seated  melanophores  in  animals  in  which  the  be- 
havior of  the  dermal  melanophores  had  been  studied,  by  the  use  of  the 
same  agents  which  affect  these  cells  in  the  skin,  to  learn  whether  the 
reactions  of  the  deep-seated  melanophores  are  comparable  with  those 
in  the  skin.  The  animals  chosen  were  the  common  leopard  frog,  Rana 
pi  pi  ens  Schreber,  the  tadpole  of  Rana  clamitans  Latreille,  and  the  killi- 
fish,  Fundulus  heteroditus  L. 

This  work  was  carried  out  at  the  suggestion  of  Professor  G.  H. 
Parker  to  whom  I  am  indebted  for  his  constant  supervision  and  advice. 

METHODS 

The  three  species  used,  on  a  black  background  assume  a  dark  colora- 
tion by  expansion  of  their  dermal  melanophores,  and  on  a  white  one,  a 
light  shade  by  contraction  of  these  cells.  Such  conditions  may  also  be 
induced  by  hormones,  adrenalin  producing  a  light  appearance  and  pitu- 
itrin,  at  least  in  amphibians,  a  dark  one.  In  extending  these  tests  to  the 
deep-seated  melanophores,  white  porcelain  dishes  served  for  one  ex- 
treme of  background  and  battery  jars  painted  externally  with  dull  black, 
the  other.  In  adrenalin  tests,  the  animals  were  confined  in  the  black 
jars,  and  in  the  pituitrin  tests,  they  were  placed  in  the  white  dishes,  some 
time  before  injecting  and  kept  there  until  they  were  killed.  Throughout 
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all  experiments  the  animals  were  illuminated  from  a  western  window  or 
by  an  electric  lamp. 

As  the  condition  of  the  deep-seated  melanophores  may  be  inspected 
only  upon  killing  the  individual,  a  group  of  animals  was  subjected  to  the 
various  tests  and  the  internal  melanophores  of  a  number  of  these  were 
examined  at  intervals  during  such  trials  to  trace  the  activities  of  these 
cells  step  by  step.  Caution  was  taken  that  no  rearrangement  in  the 
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PLATE  I 

Semidiagrammatic  drawings  of  dermal  melanophores  from  the  frog  (A),  the 
tadpole  (5),  and  the  killifish  (C)  showing  four  stages  of  expansion:  1,  punctate 
condition;  2,  stellate  condition;  3,  incomplete  expansion;  4,  complete  expansion. 

position  of  the  pigment  within  the  internal  cells  occurred  (hiring  dis- 
section. In  frogs  and  tadpoles,  whose  dermal  melanophores  are  chiefly 
under  humoral  control,  no  perceptible  change  appeared  after  consider- 
able handling  or  for  some  hours  after  pithing.  Hence,  the  state  of  the 
internal  melanophores  within  a  minute  or  two  of  pithing  seemed  indica- 
tive of  the  living  condition.  However,  in  killilish,  whose  melanophores 
are  almost  entirely  under  nervous  control,  these  cells  expanded  at  once 
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on  manipulation  and  especially  on  sectioning  their  nervous  connections. 
To  overcome  this,  the  deep-seated  tissues  were  examined  without  first 
destroying  the  brain,  by  cutting  away  the  body  wall  on  one  side  without 


PLATE  II 

Semidiagrammatic  drawings  of  completely  expanded  melanophores  of  the  frog 
in  (1)  the  pleura,  (2)  the  mesenteries,  (3)  the  fascia  of  the  leg  muscles,  (4)  the 
fascia  of  the  body-wall  muscles,  and  (5)  the  fascia  of  the  back  muscles. 

severing  the  nerves  to  the  parietal  peritoneum  of  the  opposite  wall  or 
to  the  visceral  peritoneum  and  mesenteries. 

To  facilitate  a  comparison  of  conditions  among  the  deep-seated  me- 
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lanophores,  four  conventional  stages  have  l)een  defined  as  follows :  ( 1 ) 
the  punctate  stage,  an  entirely  contracted  state  in  which  the  cell  appears 
as  a  minute  black  clot;  (2)  the  stellate  stage,  or  one  in  which  the  pig- 
ment occupies  only  the  main  roots  of  the  cell  processes;  (3)  the  stage 
of  incomplete  expansion,  in  which  the  melanin  partly  fills  these;  and  (4) 
the  stage  of  complete  expansion,  in  which  the  pigment  has  spread  into 
the  most  remote  branches  (PI.  I). 

TAHLK   I 

The  variation  in  the  degree  of  contraction  among  the  melanophores  of  frogs  confined  in 
darkness  or  on  a  white  illuminated  background. 


Location  of 
melanephores 

Case  a74  — 
Kept  in  dark  20  hours 

Case  a  107— 

White  illuminated 
surroundings 
24  hours 

Case  a  190  — 

White  illuminated 
surroundinKS 
2  weeks 

Skin  on  back 

Stellate 

Stellate 

Stellate 

Web 

Stellate 

Stellate 

Stellate 

Back  muscles 

Punctate  to  stellate 

Punctate  to  incom- 
plete expansion. 
Mostly  stellate. 

Punctate 

Pleura 

Stellate 

Punctate 

Punctate  to  incom- 
plete expansion 

Pericardium 

Punctate  to  incom- 
plete expansion 

Stellate    to    incom- 
plete expansion 

Incomplete    expan- 
sion 

Muscles  of  body 
wall 

Punctate  to  stellate 

Punctate 

Punctate  to  stellate 

Mesenteries 

Chiefly  punctate  to 
incomplete  expan- 
sion 

Punctate 

Punctate 

OBSERVATIONS 

1-rogs 

In  frogs,  the  deep-seated  melanophores  are  particularly  abundant  in 
the  connective  tissues  of  the  following  regions:  the  fascia  of  the  leg 
muscles,  of  the  muscles  of  the  hack,  of  the  muscles  of  the  body  wall- 
especially  the  in.  oblii|uus  interims — ,  the  mesenteries,  the  pericardium, 
the  pleura,  and  the  lining  of  the  sub-dermal  lymph  sacs.  These  cells 
are  very  similar  in  general  appearance  to  the  melanophores  of  the  skin, 
with  the  exception  of  those  in  the  fascia  of  the  hack  muscles,  which  re- 
semble those  in  tadpole  connective  tissues  (PI.  1 1  ). 
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1234  1234    1234  1234    1234  1234    1234  1234    IZ34  1234    1234  1234 

ADRENALIN  TEST 


AC  AC  AC 


1234     1234          1234     1234          1234     1234          1234     1234          1234     1234          1234     1234 


PITUITRIN  TEST 


C  P  C  P 


C  P  C  C  P 


1234     1234         1234     1234 


1234    1234 


1234    1234 


1234     1234 


1234     1234 


DIAGRAM  1.  Tabulation  of  the  effects  of  background,  adrenalin,  and  pituitrin 
on  the  melanophores  in  six  different  parts  of  the  frog:  the  web  of  the  foot,  the 
fascia  of  the  back-muscles,  of  the  leg  muscles,  and  of  the  muscles  of  the  body- 
wall,  the  pleura,  and  the  mesenteries  (as  shown  at  the  top  of  the  diagram).  In 
the  background  tests,  the  shade  of  the  surroundings,  white  or  black,  is  indicated  by 
\V  or  B  at  the  head  of  each  column  in  the  upper  row.  In  these  tests,  as  in  all  the 
subsequent  ones,  the  results  of  the  factor  effecting  the  more  complete  contraction 
are  placed  to  the  left  and  of  that  producing  the  less  complete  to  the  right  in  each 
contrasting  pair. 

Seventeen  frogs  were  kept  on  each  background  for  forty-eight  hours  before 
observation.  In  every  frog,  the  amount  of  melanophore  contraction  was  noted  as 
belonging  to  one  of  four  stages  of  contraction  of  which  1  is  maximum  contrac- 
tion and  4  is  minimum  contraction.  The  number  of  cases  falling  in  each  class  is 
recorded  in  black  columns  over  the  appropriate  figure.  Thus,  in  the  web  of  the 
foot  of  frogs  on  a  white  background,  four  animals  showed  complete  contraction, 
eleven  part  contraction,  one  part  expansion,  and  one  full  expansion  :  on  a  black 
background,  one  exhibited  full  contraction  and  sixteen  complete  expansion.  The 
remaining  tests  are  all  tabulated  in  a  similar  manner. 

In  the  adrenalin  test,  the  frogs  treated  with  a  0.5  cc.  injection  of  the  drug 
three  hours  before  examining  and  their  controls  with  0.5  cc.  tap  water  injections 
are  designated  A  or  C  respectively  at  the  top  of  each  column  in  the  second  row. 
The  twelve  frogs  in  each  series  were  kept  on  an  illuminatd  black  background  for 
two  days  before  observation. 

In  the  pituitrin  tests,  the  frogs  subjected  to  a  0.5  cc.  pituitrin  injection  three 
hours  before  examination  and  their  controls  with  0.5  cc.  of  tap  water  are  distin- 
guished in  the  diagram  by  /'  or  C  at  the  top  of  each  column  in  the  bottom  row. 
The  twenty-one  frogs  in  each  series  were  confined  in  complete  darkness  for  sev- 
eral days  before  their  inspection. 
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The  deep-seated  melanophores  of  frogs  confined  on  a  black  back- 
ground for  periods  extending  from  a  day  to  a  week  were  predominantly 
expanded.  Yet  there  were  always  some  cells  among  them  in  stages  of 
contraction.  This  situation  was  unlike  that  in  the  skin  where  the  me- 
lanophores were  always  in  a  uniform  state  of  expansion. 

TABLE  II 

The  rate  of  response  in  melanophores  to  adrenalin.     Frogs  kept  in  blackened  battery 
jars  under  illumination  before  the  injection  and  until  killed. 


Location  of 
melanophores 

Case  all 
1  hr.  after 
0.5  cc. 
adrenalin 

Case  a53 
2  hrs.  after 
0.5  cc. 
adrenalin 

Case  a69 
3  hrs.  after 
0.5  cc. 
adrenalin 

Caseall2 
27  hrs.  after 
0.5  cc. 
adrenalin 

Skin  on  back 

Punctate 

Punctate 

Punctate 

Stellate 

Web 

Punctate 

Punctate  to  few 
stellate 

Punctate 

Stellate 

Leg  muscles 

Complete 
expansion 

Incomplete  ex- 
pansion.   Few 
punctate. 

Punctate 

Punctate  to  in- 
complete   ex- 
pansion 

Pleura 

Complete 
expansion 

Incomplete 
expansion 

Stellate 

Stellate    to    in- 
complete   ex- 
pansion 

Pericardium 

Complete 

expansion 

Complete 
expansion 

Incomplete  to 
complete 
expansion 

Stellate  to  com- 
plete expan- 
sion with 
proximal 
concentration 

Muscles  of 
body  wall 

Complete 
expansion 

Incomplete  ex- 
pansion. Some 
punctate. 

Punctate 

Punctate 

Mesenteries 

Complete 
expansion 

Incomplete 
expansion  to 
few  punctate 

Punctate 

Stellate 

Back  muscles 

Complete 
expansion 

50%  punctate, 
50%  incom- 
plete to  com- 
plete expansion 

Punctate. 
Occasional 
stellate. 

Chiefly  punc- 
tate.    So  m  e 
incomplete 
expansion. 

In  three  individuals  placed  in  a  white  di.sh  for  a  day,  there  was  a 
marked  trend  toward  the  contracted  state  among  tin-  internal  melano- 
phores. (Table  I,  third  column.)  As  in  the  frogs  kept  on  a  dark 
background,  there  were  all  stages  in  the  proximal  withdrawal  of  the 
pigment.  Likewise,  animals  kept  on  a  white  background  for  a  week  or 


MELANOPHORE  RESPONSES  IN  FISHES  AND  AMPHIBIANS       13 


more  showed  great  variety  in  the  amount  of  contraction.  (Table  I, 
fourth  column.)  However,  a  greater  general  contraction  usually  existed 
with  the  longer  period  in  white  surroundings,  suggesting  a  more  slug- 
gish response  in  the  internal  melanophores.  Though  not  extreme,  the 
contrast  in  the  position  of  the  pigment  of  these  cells  was  evident  in 
seventeen  frogs  kept  in  white  dishes  for  at  least  two  days,  and  in  a  like 
number  confined  in  black  jars  for  a  similar  period.  (Diagram  1,  top 
row.) 

TABLE  III 

The  response  of  melanophores  to  pituitrin.  See  also  Table  II,  fifth  column,  for 
condition  such  as  probably  existed  before  the  pituitrin  injection  in  al!3.  Also,  see 
Table  I,  second  and  third  columns,  for  the  condition  of  melanophores  such  as  probably 
existed  before  the  injections  of  pituitrin  in  a99  and  a  105  respectively. 


Location 
of 
melanophores 

Case  al!3  — 
Pituitrin  following 
adrenalin 

Case  a99— 
Pituitrin  after 
24  hrs.  in  dark 

Case  a  105— 

Pituitrin  after 
2  days  on  white 
illuminated 
background 

Skin  on  back 

Complete  expansion 

Complete  expansion 

Complete  expansion 

Web 

Complete  expansion 

Complete  expansion 

Complete  expansion 

Muscles  of  leg 

Incomplete 
expansion 

Incomplete 
expansion 

Incomplete 
expansion 

Muscles  of  back 

Incomplete 
expansion 

Incomplete 
expansion 

Incomplete 
expansion 

Pericardium 

Incomplete  to  com- 
plete expansion 

Complete  expansion 

Incomplete 
expansion 

Pleura 

Incomplete 
expansion 

Incomplete 
expansion 

Stellate  to  incom- 
plete expansion 

Mesenteries 

Punctate  to  incom- 
plete expansion 

Incomplete  to  com- 
plete expansion 

Incomplete 
expansion 

Muscles  of  body 
wail 

Incomplete 
expansion 

Incomplete  to  com- 
plete expansion 

Incomplete 
expansion 

Adrenalin,  which  acts  promptly  and  invariably  on  the  dermal  me- 
lanophores, also  effected  a  slower  contraction  of  the  internal  pigment 
cells.  An  injection  of  0.5  cc.  of  a  1  :  1,000  solution  of  adrenalin  chlo- 
ride (Parke,  Davis  and  Company)  in  the  dorsal  lymph  spaces  of  eight 
frogs  kept  on  a  dark  background  for  some  days  to  insure  expansion 
of  these  cells,  evoked  no  reaction  in  the  deep-seated  melanophores  for 
more  than  an  hour  (Table  II,  second  column).  Yet,  the  same  dosage 
always  caused  the  skin  to  become  extremely  light-colored  within  twenty 
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minutes.  \Yhile  a  considerable  percentage  of  the  melanophores  in  the 
fascia  of  the  hack  muscles  of  seven  frogs  contracted  within  an  hour 
after  an  injection  of  0.8  to  1.0  cc.  of  adrenalin,  the  effect  of  increasing 
the  dose  on  the  deep-seated  melanophores  was  not  pronounced.  It. 
however,  two  hours  elapsed  between  a  0.5  cc.  injection  and  the  inspec- 
tion of  the  internal  tissues  (Table  II,  third  column),  as  noted  in  four 
cases,  at  times  as  many  as  half  the  melanophores  were  entirely  con- 
tracted, with  a  greater  number  among  the  pigment  cells  in  the  fascia 
of  the  back  muscles.  On  increasing  the  period  between  the  injection 
and  the  subsequent  examination  to  three  hours  (Table  II,  fourth  col- 
umn), the  contracted  phase  became  general  save  in  the  pericardium. 
Here,  the  pigment  migrated  proximally  only  after  many  hours,  as  was 
noted  in  three  or  four  frogs  kept  alive  for  nearly  a  day  after  the  injec- 
tion (Table  II,  fifth  column).  The  dose  of  adrenalin  was  controlled  in 
every  case  by  an  equal  one  of  tap  water.  Frogs  so  treated  never  ex- 
hibited as  great  a  contraction  of  the  melanophores  as  those  with  adrena- 
lin (Diagram  1.  middle  row).  In  fact,  the  Mage  of  expansion  was  es- 
sentially similar  to  that  in  frogs  kept  in  black  jars  without  injections. 

As  an  expansion  of  the  melanophores  is  usual  in  the  laboratory,  and 
as  their  contraction  is  brought  about  so  slowlv.  it  was  a  bit  uncertain 
in  the  pituitrin  tests,  whether  a  contraction  of  these  cells  had  occurred 
in  the  individual  frogs  before  injecting  the  drug  effecting  expansion. 
Since  adrenalin  was  certain  to  produce  a  general  proximal  migration  of 
pigment,  it  at  first  seemed  desirable  to  inject  it  the  day  before  the  pitu- 
itrin. This  procedure  produced  a  complete  expansion  of  the  internal 
melanophores  in  eleven  frogs,  three  hours  after  the  injection  of  0.5  cc. 
pituitrin  (Parke.  Davis  and  Company — "Obstetrical").  As  an  inter- 
action of  the  drugs  might  have  caused  this,  another  test  became  prefer- 
able. Darkness  was  quicker  and  more  certain  in  obtaining  a  contraction 
of  the  internal  melanophores  than  white  illuminated  surroundings  (Ta- 
ble I,  second  and  third  columns).  In  frogs  confined  in  the  dark  for 
several  days,  a  0.5  cc.  injection  of  pituitrin  effected  a  more  or  less  com- 
plete expansion  in  about  three  hours  (  2\  cases)  (Table  III).  In  con- 
trols with  the  same  amount  of  tap  water,  the  melanophores  were  pre- 
dominantly in  the  punctate  or  stellate  condition  (Diagram  1,  bottom 
r<  >w ) . 

Tadpoles 

In  the  tadpoles  of  Rana  chiiiiiluns  in  their  second  year,  stubby  rela- 
tively unbranched  melanophores  arc  numerous  in  most  connective  tis- 
sues, particularly  in  the  peritoneum,  the  mesenteries,  the  pleura,  and 
tin-  pericardium  (  I  'I.  III). 
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When  the  tadpoles  were  confined  in  black  jars  for  a  day  or  more, 
the  sub-epidermal  melanophores  almost  always  (22  out  of  25  cases) 
exhibited  a  uniform  state  of  maximum  expansion.  This  condition  was 
extended  to  the  deep-seated  melanophores  in  the  pleura,  the  pericardium, 
the  mesenteries,  and,  to  a  certain  extent,  to  those  of  the  peritoneum.  In 
the  latter  tissue,  however,  in  about  half  the  tadpoles,  some  of  these  cells 
were  in  the  stellate  condition,  while  in  one  case  the  greater  proportion 
of  these  was  punctate. 


PLATE  III 

Semidiagrammatic  drawings  of  completely  expanded  melanophores  of  tad- 
poles in  (1)  the  pleura,  (2)  the  mesenteries,  (3)  the  peritoneum,  and  (4)  the 
pericardium. 

Tf  tadpoles  were  kept  in  white  dishes  for  a  similar  period,  the  sub- 
epidermal  melanophores  were  usually  (23  out  of  25  cases)  entirely  con- 
tracted. Among  the  internal  melanophores  the  amount  of  contraction 
which  took  place  under  these  circumstances  was  not  so  great.  Except 
for  the  melanophores  of  the  pleura,  which  were  predominantly  con- 
tracted, there  were  many  which  exhibited  a  more  or  less  distal  distribu- 
tion of  pigment  (Diagram  2,  top  row). 

In  larva?,  whose  deep-seated  melanophores  responded  as  promptly  as 
those  in  the  skin  to  changes  in  background,  adrenalin  was  a  slower  agent 
for  contracting  such  cells  than  in  the  adult  frog.  Three  hours  after  a 
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0.3  cc.  injection  in  a  1  :  1.000  solution  into  the  body  cavity,  the  sub- 
epidermal  melanophores  ranged  from  the  punctate  stage  to  that  of  in- 
complete expansion  and  the  internal  cells  remained  for  the  most  part 
completely  expanded.  Xot  until  five  hours  (26  cases)  after  such  a 
dosage  were  the  majority  of  the  skin  melanophores  contracted  and 
even  then  a  large  percentage  were  in  the  stellate  condition.  Essentially 
the  same  situation  was  found  in  the  internal  melanophores.  The  pro- 
portion of  animals  with  these  cells  in  a  punctate  or  stellate  condition  was 
greater  than  in  tadpoles  on  a  white  background.  With  longer  periods 
between  the  injection  and  the  inspection  of  the  animal,  no  great  change 
occurred  in  the  amount  of  contraction,  and  with  a  larger  dose,  the  ani- 
mal died  within  twenty-four  hours.  In  controls  with  tap  water,  all  the 
melanophores  save  a  few  in  the  peritoneum  of  about  one-third  the  ani- 
mals were  completely  expanded  (Diagram  2,  middle  row). 

With  0.3  cc.  of  pituitrin  injected  five  hours  before  examination, 
the  melanophores  of  tadpoles  kept  in  white  dishes  were  almost  always 
(20  out  of  25  cases)  in  the  completely  expanded  phase.  In  the  controls 
with  tap  water,  there  were  only  a  few  (5  out  of  25  cases)  with  com- 
pletely expanded  melanophores  (Diagram  2,  bottom  row). 

Fundulus 
When  compared  with  the  number  of  deep-seated  melanophores  in 

DIAGRAM  2.  Tabulation  of  the  effects  of  background,  adrenalin,  and  pituitrin 
nil  the  melanophores  in  five  different  parts  of  the  tadpole:  the  dermis,  the  pleura, 
the  pericardium,  the  mesenteries,  and  the  fascia  of  the  body  wall  muscles  (as 
shown  at  the  top  of  the  diagram). 

In  the  background  tests,  the  shade  of  the  surroundings,  white  or  black,  is 
indicated  by  W  or  B  at  the  head  of  each  column  in  the  upper  row.  In  these  tests, 
as  in  all  subsequent  ones,  the  results  of  the  factor  effecting  the  more  complete 
contraction  are  placed  to  the  left  and  that  producing  the  less  complete  to  the  right 
in  each  contrasting  pair.  Twenty-five  tadpoles  were  kept  on  each  background  for 
forty-eight  hours  before  observation.  In  every  tadpole,  the  amount  of  mclano- 
phore  contraction  was  noted  as  belonging  to  one  of  four  stages  of  contraction  of 
which  1  is  maximum  contraction  and  4  minimum  contraction.  The  number  of 
cases  falling  in  each  class  is  recorded  in  black  columns  over  the  appropriate  figure. 
Thus,  in  the  dermis  of  tadpoles  on  a  white  background,  23  showed  complete  con- 
traction, 1  part  contraction,  and  1  part  expansion  :  on  a  black  background,  22  ex- 
hibited complete  expansion,  2  part  expansion  and  1  part  contraction.  The  remain- 
ing tests  are  all  tabulated  in  a  similar  fashion.  In  the  adrenalin  tests,  both  the 
tadpoles  treated  with  a  0.3  cc.  injection  of  the  drug  five  hours  before  examining 
and  their  controls  with  0.3  cc.  tap  water  injections  are  designated  A  or  C  respec- 
tively at  the  top  of  each  column  in  the  second  row.  The  26  tadpoles  in  each  series 
were  kept  on  an  illuminated  black  background  for  two  days  before  observation. 
In  the  pituitrin  tests,  the  tadpoles  subjected  to  a  0.3  cc.  pituitrin  injection  five 
hours  before  examination  and  their  controls  with  0.3  cc.  of  tap  water  are  distin- 
guished in  the  diagram  by  /'  or  (  at  the  top  of  each  column  in  the  bottom  row. 
The  26  tadpoles  in  each  series  were  confined  in  white  dishes  for  several  days  be- 
fore their  final  inspection 
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DIAGRAM  3.  Tabulation  of  the  effects  of  ether,  background,  and  adrenalin  on 
the  melanophores  in  three  different  parts  of  the  killifish:  the  dermis,  the  connective 
tissue  covering  of  the  dorsal  blood  vessels,  and  the  parietal  peritoneum  (as  shown 
at  the  top  of  each  column  ). 

In  the  ether  tests,  the  fish  with  a  few  cubic  centimeters  of  this  drug  added  to 
the  water  fifteen  minutes  before  their  examination  and  their  controls  in  water 
alone  are  distinguished  in  the  diagram  by  /:  or  C  at  the  top  of  each  column  in  the 
upper  row. 

In  these  tests,  as  in  all  subsequent  ones,  the  results  of  the  factor  effecting  the 
more  complete  contraction  is  placed  at  the  left  and  that  producing  the  less  com- 
plete to  the  right  in  contrasting  each  pair. 

Forty-eight  fish  were  kept  in  white  dishes  for  a  day  before  observation,  of 
which  but  half  were  treated  with  ether.  In  every  fish,  the  amount  of  melanophore 
contraction  was  noted  as  belonging  to  one  of  lour  stages  of  contraction  of  which 
1  is  maximum  contraction  and  4  minimum  contraction.  The  number  of  cases  fall- 
ing in  each  class  is  recorded  in  black  columns  over  the  appropriate  figure.  Thus, 
in  the  dermis  of  fish  kept  on  a  white  background,  24  showed  complete  contraction  : 
on  a  white  background  with  ether  added  to  the  water,  1  showed  part  expansion,  and 
23  complete  expansion.  All  the  remaining  tests  are  tabulated  in  a  similar  fashion. 

In  the  background  tests,  the  shade  of  the  surroundings,  white  or  black,  is 
indicated  by  W  or  li  at  the  top  of  each  column  in  the  lower  left-hand  chart. 
Thirty  fish  were  kept  on  each  background  for  a  day  before  observation. 

In  the  adrenalin  tests,  both  the  fish  treated  with  0.2  cc.  injection  of  the  drug 
half  an  hour  before  examining  and  their  controls  with  0.2  cc.  tap  water  injections 
are  designated  -•/  or  C  respectively  at  the  top  of  each  column  in  the  lower  right 
chart.  The  30  fish  in  each  series  were  kept  on  an  illuminated  black  background 
for  a  day  before  observation. 
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amphibia,  those  in  l<uii<titlits  are  scarce.  Those  in  the  mid-dorsal  part 
of  the  parietal  peritoneum  and  in  the  connective  tissue  of  the  dorsal 
blood  vessels  are  large  sheet-like  cells.  Those  in  the  latero-dorsal  por- 
tions of  the  parietal  peritoneum  and  the  more  dorsal  parts  of  the 
mesenteries  and  visceral  peritoneum  branch  radially.  In  the  visceral 
peritoneum,  the  true  melanophores  were  usually  obscured  by  melanin- 
tilled  syncytial  cells— the  "  I'igmentrlecken  "  of  Hallowitx  (1920).  (  I'l. 
IV.) 


Semidiagrammatic  drawings  of  completely  expanded  melanophores  of  the 
killifish  in  (1)  the  connective  tissue  covering  the  dorsal  blood  vessels,  (2)  the 
parietal  peritoneum,  and  (3)  the  visceral  peritoneum  (including  the  syncytial 
melanin-filled  cells  in  outline). 

All  the  melanophores  started  to  contract  when  the  fish  were  trans- 
ferred to  white  surroundings  and  a  day  in  them  insured  complete  con- 
traction in  the  majority  of  the  cells  (30  cases).  Indeed,  expansion  of 
these  indicated  a  slow  dissection.  Although  not  always  completed  for 
several  days,  there  was  an  immediate  distal  migration  of  the  pigment  in 
all  the  melanophores  with  a  change  to  the  black  jars  (30  cases)  (Dia- 
gram 3,  lower  left-hand  part). 
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Even  more  rapid  changes  may  he  effected  hy  injecting  0.2  cc.  of 
adrenalin  into  the  body  cavity  or  tail  muscles.  Within  half  an  hour 
the  melanophores  were  well  contracted  (30  cases)  and  this  condition 
persisted  even  after  killing  the  fish,  except  in  some  of  the  cells  in  the 
connective  tissue  of  the  dorsal  blood  vessels  (Diagram  3,  lower  right- 
hand  part ) . 

Pituitrin  does  not  affect  killifish  melanophores.  Hence,  ether,  which 
produces  an  expansion  of  the  dermal  melanophores  (Wyman,  1924), 
was  used  instead.  The  addition  of  a  few  cubic  centimeters  to  the 
water  in  which  the  fish  were  swimming  over  a  white  background,  proved 
to  exert  the  same  effect  on  the  internal  melanophores  (Diagram  3, 
upper  part). 

DISCUSSION 

The  similarity  in  appearance  of  the  deep-seated  and  dermal  melano- 
phores suggests  the  occurrence  of  the  same  activities  in  both  sets  of 
cells.  Nevertheless,  earlier  work  seemed  to  show  that  this  was  seldom 
the  case.  Yamamoto  (1931),  in  working  on  the  peritoneal  melano- 
phores of  a  Japanese  minnow,  obtained  little,  if  any  support  for  a 
nervous  control  of  such  cells.  However,  since  the  melanophores  which 
he  described  and  figured  were  quite  different  from  those  in  the  dermis, 
they  were  probably  the  "  Pigmentflecken  "  studied  by  Ballowitz  (1920) 
rather  than  true  melanophores,  since  these  are  scarce,  if  not  entirely 
lacking  in  the  peritoneum  of  many  species.  These  may  also  be  the  cells 
Gilson  (1926)  observed  in  adult  FiDidiilits.  In  the  newly-hatched 
larva.',  he  noted  responses  in  the  true  melanophores  apparently  before 
they  were  masked  by  the  development  of  these  syncytial  cells,  and  came 
to  the  conclusion  that  they  were  under  nervous  control.  Later,  in  full 
grown  killifish,  as  the  expanded  state  usually  persisted  in  the  internal 
melanophores  despite  changes  in  the  external  coloring  of  the  fish,  he 
considered  that  there  was  little  evidence  for  such  control.  Thus  it 
appears  likely  that  he  actually  recorded  the  inactivity  of  the  "  Pigment- 
flecken." In  adult  /•' 11  ndul us  there  are  few  melanophores  in  the  more 
dorsal  portions  of  the  visceral  peritoneum,  and  these  are  not  easy  to 
find  except  in  fish  deficient  in  pigmentation.  For  this  reason,  most  of 
the  observations  in  this  report  were  confined  to  the  melanophores  ot 
the  parietal  peritoneum.  In  this  region,  the  cells  were  found  to  respond 
synchronously  with  those  of  the  dermis.  These  findings,  with  Gilson's 
results  on  the  larva.-,  make  it  appear  likely  that  the  deep-seated  melano- 
phores of  the  killifish.  like  those  in  the  skin,  are  chiefly  under  nervous 
control. 

In  amphibians  the  earlier  work  also  furnished  little  evidence  for 
any  activity  in  the  deep-seated  melanophores,  but  tor  quite  different 
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reasons.  Lieben  (1906)  and  Uyeno  (1922)  tried  the  effects  of  adrena- 
lin by  perfusing  the  tissues  with  it  or  by  its  injection  a  short  time  before 
killing  the  frog.  In  some  cases  they  recorded  a  slight  proximal  migra- 
tion of  the  melanin.  It  now  appears  that  the  cause  of  this  apparent 
inactivity  is  due  to  the  unusually  slow  response  of  these  cells.  In  my 
experience,  the  deep-seated  melanophores  of  frogs  did  not  react  for  at 
least  three  hours  and  those  of  tadpoles  for  nearly  five  hours.  The  ob- 
.servations  of  Lieben  and  Uyeno  were  made  on  animals  which  had  been 
killed  before  the  application  of  the  drug  or  soon  after  its  injection. 
Hence  there  was  time  for  disintegration  of  the  melanophores  to  set  in 
before  they  could  have  responded  to  the  drug.  Indeed,  it  was  natural 
to  suppose  that,  if  the  drug  calls  forth  any  response  in  the  deep-seated 
melanophores,  it  would  do  so  in  about  the  same  time  as  it  does  in  the 
dermis.  Yet  this  never  happens.  Does  this  slower  response  mean  that 
the  dermal  and  internal  cells  are  not  controlled  by  the  same  agencies? 
In  view  of  the  fact  that  all  the  melanophores  of  fishes  are  excited  by 
the  same  means,  it  would  be  peculiar  to  find  that  the  deep-seated  and 
dermal  melanophores  of  amphibians  are  activated  along  different  path- 
ways, especially  as  they  all  react  more  or  less  slowly.  The  dermal 
melanophores  of  animals  belonging  to  this  group,  unlike  those  in  fishes, 
are  known  to  be  predominantly  influenced  by  humoral  agencies  (Hog- 
ben,  1924).  If  we  assume  a  similar  situation  to  exist  among  the  deep- 
seated  melanophores,  what  is  the  explanation  of  the  delayed  response  in 
these  cells  ?  Since  the  activating  materials  are  carried  in  the  circulation, 
there  might  be  differences  in  the  blood  supply,  on  the  one  hand,  to  the 
dermal  and,  on  the  other,  to  the  deep-seated  melanophores.  Because 
the  skin  is  an  accessory  respiratory  organ,  there  is  probably  plenty  of 
oxygen  available  there.  On  the  contrary,  within  the  animal,  there  may 
be  less  of  it  and  more  carbon  dioxide.  Some  observations  have  been 
made  on  the  diverse  effects  of  these  two  gases  (Lowe,  1917;  Uyeno, 
1922;  Wyman,  1924).  However,  their  action  is  seemingly  not  a  factor, 
because  in  the  end  the  responses  of  the  two  sets  of  melanophores  are 
essentially  similar.  A  more  likely  explanation  may  be  found  in  the 
distribution  of  the  blood  vessels  themselves  in  the  respective  parts. 
While  the  skin  is  ramified  by  a  network  of  veins  and  arteries,  the  in- 
ternal connective  tissues  are  supplied  by  relatively  few  vessels.  Thus, 
unlike  the  skin,  the  melanophores  in  the  deep-seated  portions  of  the 
animal  are  often  more  remote  from  the  blood  supply.  Not  only  would 
it  take  longer  for  the  humoral  materials  carried  in  the  blood  stream  to 
reach  most  of  the  melanophores  on  account  of  the  longer  portage  in 
the  lymph  system,  but  these  would  also  become  progressively  diluted 
by  the  lymph  the  farther  away  their  source  in  the  blood.  The  former 
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situation  may  perhaps  be  the  cause  of  the  slower  rate  of  response  of 
the  deep-seated  melanophores.  The  latter,  since  the  cells  are  not  equi- 
distant from  the  blood  vessels,  would  account  for  the  less  extreme  and 
more  variable  states  of  expansion  found  among  them.  In  this  way. 
the  differences  in  the  response  of  the  dermal  and  internal  melanophores 
may  be  explained.  .Accordingly,  it  is  probable  that  the  deep-seated  me- 
lanophores  are  also  controlled  by  humoral  agencies. 

The  occurrence  of  similar  activities  in  tin-  dermal  and  deep-seated 
melanophores  brings  up  the-  question  of  the  function  of  these  cells. 
Many  representatives  of  the  lower  vertebrates  In  an  expansion  or  con- 
traction of  the  dermal  melanophores.  mimic,  to  some  extent,  the  shade 
of  their  surroundings.  This  is  often  interpreted  as  being  a  protective 
measure  or  an  aid  in  capturing  their  prey.  If  this  be  so.  it  seems  odd. 
at  first,  that  such  changes  should  also  take  place  within  the  animal. 
However,  when  we  consider  how  sluggish  the  response-  is  in  the  deep- 
seated  melanophores  of  frogs  and  tadpoles,  it  is  unlikely  that  the  changes 
in  the  dermal  cells  are  often  rellected  in  the  deeper  portions  of  the  ani- 
mal. Accordingly,  it  is  hard  to  believe  that  these  cells  by  reason  of 
their  activities  are  ever  of  any  particular  use  to  the  animal.  In  I'un- 
(liilits;  on  the  other  hand,  where  the  internal  melanophores  mav  be  ex- 
pected to  react  synchronously  with  every  fleeting  color  change  in  the 
skin,  there  arc1  so  few  true  melanophores  that  it  is  difficult  to  conceive 
of  their  ever  playing  a  very  great  role.  Thus,  either  on  account  of  their 
sluggish  responses  or  their  scarcity,  the  activities  of  the  deep-seated 
melanophorrs  are  insignificant  as  compared  with  those  in  the  skin. 
Hence,  the  fact  that  the  deep  seated  mclanophores  may  display  many 
of  the  activities  of  those  in  the  skin  does  not  make  it  necessary  to 
dispense  with  the  usual  idea  that  the  function  of  color  change  is  an 
adaptive  one. 

SUM  MARY 

In  frogs,  the  deep-seated  melanophores  of  the  fascia  ol  the  leg 
muscles,  of  the  muscles  of  the  back,  of  the  muscles  of  the  body  wall, 
of  the  mesenteries,  and  of  the  pleura  respond  to  white  or  black  back- 
grounds, adrenalin,  and  pituitrin  in  the  same  manner  as  do  those  in 
the  skin,  but  about  six  times  more  slowlv. 

In  tadpoles,  the  deep-seated  melanophores  of  the  fascia  of  the  body- 
wall  muscles,  of  the  mesenteries,  of  the  pericardium,  and  of  the  pleura 
respond  to  white  or  black  backgrounds,  adrenalin,  and  pituitrin  in  the 
same  manner  as  do  those  in  the  skin,  but  react  about  ten  times  more 
slowly  to  the  drugs. 

In  killifish,  the  deep-seated  melanophores  of  the  parietal  peritoneum 
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and  the  connective  tissues  of  the  dorsal  blood  vessels  respond  to  white 
or  black  backgrounds,  adrenalin,  and  ether  synchronously  with  those  in 
the  skin. 

It  is  suggested  that  the  difference  in  the  speeds  of  response  of  the 
deep-seated  melanophores  in  fishes  and  in  amphibians  is  dependent  upon 
the  two  methods  of  control  which  exist  in  the  dermal  melanophores  of 
these  two  classes — nervous  for  fishes  and  humoral  for  amphibians. 

Tn  amphibians,  the  difference  in  the  speed  of  dermal  and  deep-seated 
melanophores  is  believed  to  be  due  to  the  distribution  of  the  blood  ves- 
sels. While  the  skin  is  ramified  with  small  blood  vessels,  the  deep 
connective  tissue  receives  a  relatively  scanty  supply,  for  while  man) 
large  veins  and  arteries  pass  through  this  tissue,  they  give  off  few 
branches  to  these  parts.  Also,  the  less  extreme  and  more  variable 
condition  found  among  the  deep-seated  melanophores  is  thought  to  be 
caused  by  a  dilution  of  the  activating  materials  by  the  lymph. 

The  similarity  of  response  in  the  deep-seated  and  dermal  melano- 
phores does  not  reveal  what  function  these  cells  may  serve. 

Although  the  internal  melanophores  obviously  play  no  part  in  color 
changes,  neither  does  their  activity  interfere  with  the  usual  idea  that 
the  function  of  color  changes  in  the  skin  is  an  adaptive  one,  because 
they  are  either  so  few  in  number  that  their  role  must  be  slight  (fishes), 
or  so  sluggish  that  they  seldom  reflect  the  changes  of  the  skin  (am- 
phibians). 
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THE  CHROMOSOMES  OF  HABROBRACON 

MAGNHILD  TORVIK-GREB 
(From  the  University  of  Pittsburgh,  Pittsburgh,  Pennsylvania) 

The  parasitic  wasp  Habrobracon  juylandis  (Ashmead)  has,  for  some 
years,  been  a  subject  of  genetic  investigations.  These  investigations 
have  consistently  demonstrated  that  in  Habrobracon,  as  in  Hymenoptera 
in  general,  females  come  from  fertilized  eggs  and  are  diploid  while 
males  come  from  unfertilized  eggs  and  are  haploid.  Occasionally  bi- 
parental  males  are  produced  that  inherit  from  the  father  as  well  as 
from  the  mother.  Genetic  evidence  indicates  that  they  are  diploid 
and  that  their  daughters  are  triploid.  Rarely,  and  only  in  a  few  stocks, 
daughters  are  produced  by  virgin  females. 

In  1918  P.  W.  Whiting  made  a  preliminary  cytological  study  of  this 
wasp.  He  found  that  the  males  were  haploid,  that  the  first  meiotic  divi- 
sion was  abortive  and  that  the  second  was  equal.  Later  Anna  R.  Whit- 
ing (1927)  gave  a  tentative  chromosome  count  of  11  for  the  male  and 
22  for  the  female.  She  further  stated  that,  "  in  spermatogenesis  of 
biparental  males  the  first  maturation  division  is  abortive,  the  second  ap- 
parently equational  as  in  normal  haploid  males." 

Since  Habrobracon  proved  to  be  difficult  material  for  cytological 
study,  and  since  preliminary  work  indicated  chromosome  behavior  to 
be  comparable  to  that  of  many  other  Hymenoptera,  the  work  was 
abandoned  temporarily. 

Meves,  as  early  as  1904,  discussed  spermatogenesis  in  the  wasp, 
Vespa  gennanica,  showing  the  abortive  first  meiotic  division  and  the 
equal  second  division  characteristic  in  spermatogenesis  of  haploid  males 
of  many  Hymenoptera. 

The  cytology  of  parthenogenetic  forms  was  thoroughly  reviewed  and 
a  bibliography  given  by  A.  Vandel  in  1931.  In  the  same  year  Franz 
Schrader  and  Sally  Hughes-Schrader  published  a  discussion  of  '  Hap- 
loidy  in  Metazoa  "  in  which  they  included  a  summary  of  haploid  forms 
studied  cytologically  and  an  extensive  bibliography.  More  recently 
(1933)  Ann  R.  Sanderson  published  a  critique  of  the  literature  and  a 
bibliography  of  the  cytology  of  parthenogenesis  in  Hymenoptera. 

Although  Habrobracon  is  unfavorable  material,  it  has  become  in- 
creasingly necessary  to  undertake  a  cytological  study  since  there  are 
many  aberrant  types  known  (diploid  males,  triploid  females  and  daugh- 
ters of  virgin  females  as  well  as  male  mosaics  and  gynandromorphs). 
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The  present  paper  deals  \vith  the  chromosomes  of  normal  males  and 
females  as  well  as  with  those  of  biparental  males. 

MATERIAL  AND  METHODS 

Gonads  of  freshly  eclosed  males  and  females  were  used  for  this 
study.  Early  in  the  work  it  was  thought  that  male  gonads  of  larvae 
or  pupae  might  show  more  division  figures  and  a  few  of  these  were 
examined.  This  material  proved  to  he  less  favorable  than  that  from 
adult  males.  Females  were  allowed  to  feed  on  caterpillars,  which  they 
normally  parasitize,  for  a  few  days  before  dissection  in  order  to  insure 
their  being  in  an  active  egg-laying  condition. 

Wasps  were  dissected  in  water,  gonads  removed  and   immediately 

EXPLANATION  OF  PLATES 

A  Zeiss  camera  lucida  and  a  Spencer  microscope  equipped  with  a  Zeiss  K30X 
ocular  and  a  Zeiss  oil  immersion  apochromatic  1.5  mm.  objective  were  used  in 
making  the  drawings.  The  original  magnification  of  the  drawings  was  6,900 
diameters,  but  these  were  enlarged  to  13,800.  They  have  been  reduced  to  one- 
third  in  reproduction  giving  a  final  magnification  of  4,600  diameters. 

The  chromosome  complexes  shown  in  polar  views  of  metaphases  in  Plates 
I-III  are  repeated  in  Plate  IV  with  chromosomes  arranged  in  decreasing  order 
of  magnitude  for  comparative  study.  These  polar  views  are  from  sixteen  speci- 
mens with  drawings  corresponding  as  follows : 
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Explanation  of  Plate  I 

FIGS.  1-14  from  normal  haploid  males. 
FIGS.  1-2.     Early  spermatogonia. 
FIG.  3.     Later  spermatogonia. 
FIG.  4.     Spcrmatogonial  metaphase,  side  view. 
FIGS.  5-8.     Spermatogonia]  metaphases,  polar  views. 
FIGS.  9-10.     Spermatogonial  anaphase.s,  side  views. 

FIGS.  11-13.     First  spermatocytes.     Views  of   the  abortive  first  mciotic  divi- 
sion showing  the  cytoplasmic  bud  being  pinched  off. 

FIG.  14.     Second  spermatocyte  metaphase,  side  view. 
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transferred  to  the  fixative.  Eleanor  Carothers'  method  for  orthop- 
theran  cells  was  followed  in  fixing  (McClung,  C.  E.,  1929,  p.  186). 
After  having  been  washed  and  passed  through  the  lower  alcohols, 
gonads  were  stained  /;;  toto  with  eosin  in  95  per  cent  alcohol  to  guard 
against  possible  loss  in  later  handling.  They  were  run  through  aniline 
oil  and  chloroform  into  paraffin.  Sections  were  cut  five  to  six  microns 
in  thickness.  Heidenhain's  iron  luematoxylin  was  used  for  staining  all 
slides  studied — the  short  method  being  preferred  to  the  long. 

CHROMOSOMES  OF  THE  NORMAL  HAPLOID  MALE 

In  Habrobracon  the  paired,  rounded,  yellowish  testes  (about  %  mm. 
in  diameter)  are  found  fused  dorsal  to  the  intestine  in  the  posterior 
part  of  the  body.  Each  gives  off  a  lateral  duct  which  passes  around 
the  intestine  and  unites  with  the  accessory  gland  to  form  a  common 
duct  which  connects  with  the  penis.  Internally  the  testes  are  sub- 
divided into  a  number  of  cysts.  Scattered  throughout  the  testes  of 
immature  individuals  are  spermatogonial  cells  many  of  which  are  in 
compact  rosettes  but  some  are  in  larger,  looser  rosettes.  In  the  gonads 
of  late  piq >.T  maturation  division  figures  were  observed  and  even  some 
spermatids,  but  gonads  of  freshly  eclosed  males  showed  the  highest 
percentage  of  cells  in  active  division  and  were,  therefore,  studied  most 
intensively. 

Xo  attempt  was  made  to  follow  closely  the  course  of  development 
of  the  spermatogonia.  Rosettes  of  very  small  cells  were  observed, 
growth  stages  were  noted  and  rosettes  of  fully-grown  cells  also  were 
recorded  (Plate  I,  Figs.  1-3). 

Good  mitotic  figures  of  spermatogonia  were  rarely  seen.  In  any 
one  testis  there  was  never  more  than  one  cyst  showing  spermatogonia] 
mitoses  and  in  most  testes  no  such  divisions  were  in  progress.  How- 
ever, enough  figures  (from  ten  different  wasps)  were  found  to  offer 
convincing  proof  of  the  fact  that  normally  there  are  ten  chromosomes 
present  in  spermatogonial  cell  divisions  of  the  haploid  male.  The  four 
spermatogonial  metaphase  plates  shown  (Plate  I,  Figs.  5-8)  were  taken 
from  testes  of  three  different  wasps.  Counts  were  made  in  other  cases 
some  of  which  were  below  ten.  but  in  such  instances  plates  were  slanted 
or  obscured  by  other  cells  in  the  section. 

Explanation  of  Plate  II 

FIGS.  15-22.  Second  spermatocyte  metaphases,  polar  views,  from  normal 
haploid  males. 

Fir.s.  23-25.  Second  spermatocyte  anaphase  and  telophases,  side  views,  from 
normal  haploid  males. 

FIG.  26.     Late  spermatoponia  from  biparental  diploid  male. 

FIGS.  27-29.  Spermatogonial  metaphases,  polar  views,  from  biparental  di- 
ploid males. 
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In  later  prophase  stages  of  the  first  spermatocyte,  after  the  nucleus 
has  increased  in  size,  the  chromatin  appears  as  small  bodies  lying  close 
to  the  nuclear  wall.  Still  later  the  cells  are  pear-shaped  in  preparation 
for  the  abortive  first  meiotic  division.  The  chromatin  bodies,  no  doubt 
condensing  chromatin  threads,  develop  into  chromosomes  which  first 
appear  near  the  nuclear  wall  and  then  condense  as  if  in  preparation  for 
the  division.  Meanwhile,  a  small  bud  has  been  cut  off  at  the  narrow 
end  of  the  pear-shaped  cell.  This  bud,  which  is  purely  cytoplasmic, 
soon  degenerates  (Plate  T,  Figs.  11-13). 

The  chromosomes  then  lengthen  into  threads  but  soon  condense 
again  and  travel  to  the  center  of  the  nuclear  mass.  The  nuclear  mem- 
brane has  now  disappeared  and  the  chromosomes  remain  at  the  center 
of  the  cell  where  they  immediately  become  aligned  on  a  metaphase  plate 
for  the  second  meiotic  division.  Among  fifty-seven  drawings  of  such 
plates ;  forty-seven  showed  ten  chromosomes,  seven  showed  nine,  while 
three  had  apparently  eleven  chromosomes.  Plates  of  the  two  latter 
groups  had  questionable  regions  as  did  some  of  the  others.  However, 
the  best  plates  consistently  showed  ten  chromosomes.  The  eight  shown 
in  the  drawings  (Plate  IT,  Figs.  15-22)  were  taken  from  sections  of 
testes  of  six  different  wasps. 

In  the  second  spermatocyte  division  the  cytoplasm  divides  equally 
and  each  chromosome  divides.  The  chromosomes  can  be  counted  in 
some  of  the  anaphase  stages  but  in  telophase  they  are  too  closely 
clumped  for  counting.  Following  division  a  nuclear  membrane  appears, 
the  chromatin  opens  out  and  becomes  dispersed  preceding  the  formation 
i if  the  sperm  (Plate  IT,  Figs.  23-25). 

The  stages  in  transformation  of  the  spermatid  were  not  followed  in 
detail.  In  an  early  stage  the  chromatin  appears  near  the  inner  surface 
of  the  nuclear  membrane,  first  as  large  granules,  later  as  a  heavy  band. 
Elongation  of  head  and  tail  takes  place  until  finally  bundles  of  spermato- 
zoa are  seen,  their  heads  together  and  their  tails  usually  pointing  towards 
the  center  of  the  cyst. 

CHROMOSOMES  OF  THE  BIPARENTAL  DIPLOID  MALE 
It  was  first  noted  in  1921   (Whiting,  P.  W.,  1921)  that  occasionally 
males  in  Habrobracon  show  paternal  traits  and,  therefore,  do  nut  arise 

Explanation  of  Plate  III 
'.s.  30-37  from  hiparental  diploid  males. 

TIGS.  30-31.     Spermatogonial  metaphases,  side  views. 

FIGS.  32-33.  First  spermatocytes.  Views  of  the  abortive  first  meiotic  divi- 
sion, showing  the  cytoplasmic  bud  being  pinched  off  and  the  diploid  chromosome 
complex. 

FIGS.  34-36.     Second  spermatocyte  metaphases,  polar  views. 

FIG.  37.     Second  spermatocyte  telophase. 

FIGS.  38-40.  Ooponial  metaphases,  polar  views,  from  normal  diploid  females. 
Figs.  39  and  40  are  from  sections  of  a  single  cell. 
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from  unfertilized  eggs.  Subsequent  genetic  tests  have  shown  that  these 
males  occur  when  related  stocks  are  crossed  (Whiting,  Anna  R..  1925) 
and  that  they  are  diploid  (  Whiting,  Anna  R.,  1927;  Torvik.  Magnhild 
M..  1931). 

Cytological  evidence  of  the  fact  that  these  males  are  diploid  is  now 
at  hand.  Cytological  observations  also  show  that  spennatogenesis  fol- 
lows the  same  course  in  the  diploid  male  as  in  the  haploid  male.  The 
cells  are  necessarily  larger  throughout  to  accommodate  the  greater 
amount  of  chromatin  present  but  cell  growth  and  cell  division  proceed 
similarly  in  both  cases.  The  figures  shown  in  Plates  II  and  III  present 
some  of  the  more  important  stages. 

Three  metaphase  plates  of  spermatogonial  divisions  (from  two 
wasps)  are  included  (Plate  IT,  Figs.  27-29).  These  have  twenty  easily 
distinguishable  chromosomes.  There  are  also  three  metaphase  plates 
of  the  second  spermatocyte  (from  three  other  wasps).  Again  twenty 
chromosomes  are  apparent  (Plate  III,  Figs.  3-4-36).  Among  twenty 
metaphase  plates  drawn  the  seven  clearest  (from  six  wasps)  had 
twenty  chromosomes  each;  five  showed  nineteen;  four  showed  eight- 
een; and  four  had  apparently  more  than  twenty  chromosomes.  Tin- 
last  no  doubt  were  entering  anaphase  while  the  plates  giving  low  counts 
probably  had  chromosomes  overlying  one  another  in  ways  which  made 
them  indistinguishable.  Homologous  chromosomes  exhibited  no  great 
tendency  to  lie  in  pairs.  l>v  chance  they  would  occasionally  lie  close  to 
one  another.  The  first  meiotic  division  is  abortive  and  the  second  ap- 
parently equal.  Consequently,  the  sperm  formed  would  be  at  least  ap- 
proximately diploid.  as  indicated  by  genetic  tests. 

CHROMOSOMKS  OF  TIIK  NORMAL  Dii-i.om  I-'KMALE 

The  paired  gonads  of  I luhrnhriicoii  females  each  consist  ot  two 
ovarioles  morphologically  made  up  of  three  regions:  (1)  dorsal,  apical 
end-chamber  with  oogonia,  followed  by  (2)  masses  of  nurse  cells  alter- 
nating with  (3)  developing  oocytes  each  of  which  is  surrounded  by 
follicle  cells.  Each  ovary  ends  in  an  enlarged  sac  or  uterus  in  which 
mature  eggs  are  contained. 

Sections  were  made  of  entire  ovaries  but  only  oogonial  division  fig- 
ures were  noted.  Metaphase  plates  were  found  in  ovaries  from  seven 
different  females.  Among  ten  plates  which  were  drawn  six  had  twenty 
chromosomes  each.  The  remainder  were  less  clear  and,  therefore,  more 
difficult  to  count  correctly.  Two  oogonial  metaphase  plates  are  shown 
(Plate  III.  l-igs.  38-40). 
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CHROMOSOME  COMPARISONS 

The  chromosomes  of  Habrobracon,  though  small,  do  exhibit  differ- 
ences with  respect  to  size  and  shape.     This  was  most  evident  in  meta- 
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PLATE  IV 

Metaphase   chromosome   complexes    from    Plates   I-I1I.     From   left    to   right 
there  are  shown  in  decreasing  order  of  magnitude:  one  V,  one  L,  one  /,  one  L, 
three  Vs,  one  /,  one  which  is  often  rod-like  but  may  be  a  V ,  one  rod. 

FIGS.  A,  1-4.     Spermatogonial  complexes  of  haploid  males. 

FIGS.  B,  1-8.     Second  spermatocyte  complexes  of  haploid  males. 

FIGS.  C,  1-3.     Spermatogonial  complexes  of  diploid  males. 

FIGS.  D,  1-3.     Second  spermatocyte  complexes  of  diploid  males. 

FIGS.  E,  1-2.     Oogonial  complexes  of  diploid  females. 

phase  plates.  In  order  to  make  comparisons  easier,  the  chromosomes 
already  shown  in  views  of  metaphase  plates  have  been  arranged  linearly 
in  Plate  IV,  according  to  size.  In  the  haploid  male  there  appear  to  be: 
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four  F's,  one  of  which  is  always  large,  two  medium  to  large  L's,  two 
./'s,  one  small  rod  and  one  chromosome  which  often  is  rod-like  but  may 
be  a  small  V.  A  study  of  these  figures  convinces  one  of  the  fact  that 
the  diploid  group  consists  of  pairs  of  chromosomes  whereas  the  haploid 
group  contains  but  one  chromosome  of  each  type. 

It  is  interesting  to  note  that  the  oogonial  chromosomes  arc  tlu-  lar^ot 
of  those  studied.  Next  in  size  are  the  spermatogonial  chromosomes  of 
both  haploid  and  diploid  males.  Spermatocyte  chromosomes  are  the 
smallest.  While  they  vary  .somewhat  in  size,  they  tend  to  be  thicker 
and  more  condensed  than  other  chromosomes  observed. 
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COMBINATIONS  OF  CURRENT  AND  ANTECEDENT 
CONDITIONS  IN  RELATION  TO  WING- 
PRODUCTION  OF  APHIDS  l 

A.  FRANKLIN  SHULL 

(1-rom   the  Zoological  Laboratory   of   the   University   of  Michigan) 

The  influence  of  environmental  conditions  and  genetic  or  other  in- 
ternal factors  upon  wing-production  in  the  aphid  Macrosiphnni  solani- 
folii  has  been  repeatedly  demonstrated  in  controlled  experiments  (Shull, 
1928,  1929,  1932).  For  the  most  part  the  environmental  factors  have 
been  tested  singly,  while  all  other  agents  were  kept  as  nearly  constant 
as  possible.  This  was  the  best  way  to  demonstrate  that  a  given  agent 
has  an  influence.  In  the  course  of  the  experiments,  however,  it  be- 
came evident  that  the  effect  of  one  factor  might  easily  depend  upon 
the  accompanying  conditions.  It  was  not  merely  that  the  factors  often 
worked  in  opposite  directions,  so  that  their  combined  effect  would  be 
the  algebraic  sum  of  their  single  effects ;  it  was  found  that  the  action 
of  one  agent  might  change,  not  merely  in  amount  but  even  in  sign,  in 
response  to  changes  in  other  factors. 

It  became  desirable,  therefore,  to  use  the  several  agents  in  their 
various  combinations.  The  experiments  here  described  constitute  the 
first  exploration  of  the  possible  modifying,  accentuating,  and  inhibiting 
effects.  Light,  temperature,  and  the  presence  or  absence  of  wings  in 
the  parent  aphids  are  the  chief  factors  so  far  tested ;  and  since  it  would 
be  impossible  with  the  facilities  available  to  use  all  the  known  modifying 
agents,  it  was  decided  to  use  only  these  three.  As  a  further  means  of 
curtailing  the  labor,  only  two  conditions  in  each  of  these  fields  were 
employed.  The  two  conditions  chosen  were  such  as  were  known  to 
have  different  effects,  and  as  would  permit  a  not  too  slow  accumulation 
of  data.  With  respect  to  light,  the  two  conditions  were  continuous  light 
and  alternating  light  and  darkness  (eight  hours  of  the  former,  sixteen 
hours  of  the  latter).  As  to  temperature,  24°  and  14°  C.  were  selected; 
temperatures  outside  of  this  range  are  apt  to  have  deleterious  effects. 
The  nature  of  the  parent  aphids  fell  into  the  two  classes,  wingless  and 
winged,  though  it  would  have  been  possible  and  desirable  to  use  inter- 
mediate-winged individuals  as  well. 

To  these  three  groups  of  conditions  there  was  reason  to  suspect  a 
fourth  should  be  added.  This  was  the  set  of  conditions  under  which 

1  This  work  has  been  aided  by  a  grant  from  the  National  Research  Council 
and  the  Elizabeth  Thompson  Science  Fund. 
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the  stock  of  aphicls  was  living  from  which  the  parent  aphids  were  drawn 
for  the  experiments.  \Yhile  it  was  desirable  that  various  sets  of 
"  stock  "  conditions  be  tested  (involving  light,  temperature  and  wings), 
no  more  than  one  of  these  could  be  used  within  the  limits  of  time  and 
space ;  and  temperature  was  selected  as  the  condition  to  be  varied  in  the 
stocks.  Accordingly,  more  than  three  years  ago  one  stock  was  started 
at  24°  C..  another  at  14°  C.,  both  in  continuous  electric  light.  Later  a 
third  stock  was  kept  at  alternating  temperatures,  24°  during  eight  day- 
time hours.  14°  for  sixteen  hours  at  night.  Continuous  electric  light 
has  been  furnished  for  all  these  stocks,  and  daylight  was  practically  ex- 
cluded. One  of  the  Minks  was  killed  by  the  breakdown  of  the  constant 
temperature  apparatus,  but  was  at  once  replaced  and  soon  appeared 
to  give  results  identical  with  those  of  the  original  stock. 

The  experiments  have  started  with  aphids  from  each  of  these  three 
stocks.  Some  of  the  aphids  from  each  stock  were  winged,  others  wing- 
less. Each  kind  (winged  and  wingle»  )  was  divided  into  two  groups, 
one  raised  at  24°.  the  other  at  14  .  At  each  of  these  temperatures,  some 
were  given  continuous  light,  others  alternating  light  and  darkness  i  eight 
hours  light,  sixteen  hours  darkness).  Twenty-four  groups  of  parent 
aphids  were  thus  nece>>ary  for  a  complete  experiment.  For  some  of 
the>e  Croups  the  conditions  under  which  they  were  reared  represented 
merely  a  continuation  of  their  former  conditions.  Kor  others,  they  rep- 
resented a  change  in  temperature,  or  in  light,  or  in  both  temperature 
and  light.  Only  the  parent-  were  subjected  to  the  conditions  named. 
Their  offspring  were  brought,  in  2-day  or  4-  or  5-day  batches  depending 
on  temperature,  to  room  conditions  to  complete-  their  growth. 

Owing  to  the  erratic  fluctuations  to  which  wing-production  in  nearly 
all  aphids  seems  to  be  subject,  a  single  experiment  of  the  sort  just  out- 
lined could  not  be  expected  to  give  reliable  results.  The  experiments 
have  therefore  been  mam  times  repeated.  In  this  paper  are  recorded 
over  167.000  aphids.  The  rearing  of  -m-h  large  numbers  has  been  made- 
possible  only  by  the  watchfulness  and  meticulous  exactness  of  Dr.  Helen 
K.  Price;  without  her  aid  the  experiments  must  have  failed  long  ago. 
<  )ver  long  periods  of  time  the  repetitions  of  the  experiments  have  tended 
to  give  constant  results;  that  is.  in  nearly  every  test  there  have  been  tin- 
same  kinds  of  differences  between  the  various  groups  of  offspring. 
This  degree  of  uniformity  in  the  general  results  engenders  confidence 
that  the  contrasts  shown  by  the  totals  do  actually  represent  the  effects 
of  the  various  combinations  tested. 

Kl-:SUI,TS    OF    THE    K.XI'KKIMKXTS 

\\  bile  it  would  be  instructive  to  give  the  results  of  the  several  repeti- 
tions of  each  test,  or  even  the  daily  output  of  each  group  of  parents,  in 
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The  number  of  winged  and  wingless  offspring  from  parents  derived  from  certain 
stocks  and  reared  under  certain  conditions.  Data  are  arranged  to  show  most  directly 
the  influence  of  light. 


Parents 

OffspriiiK 

Winged 
or 

wingless 

From  stock 
reared  at 
temperature 

Conditions  undci 
which  real  i-il 

Wingless 

Winged 

Percentage 
winged 

Temp. 
0  C. 

Light 

Wingless 

24° 

24 

Cont. 
8-16 

3657 

3722 

3662 
1798 

50.0 
32.6 

14 

Cont. 
8-16 

4021 

4242 

3509 
881 

46.6 

17.2 

14° 

24 

Cont. 
8-16 

3309 

2474 

3315 
2482 

50.0 
50.1 

14 

Cont. 
8-16 

3207 
3750 

3952 
1081 

55.2 
22.4 

Alt. 

24 

Cont. 
8-16 

2105 
2569 

2405 
1954 

53.3 
43.2 

14 

Cont. 
8-16 

3996 
4037 

2384 
667 

37.4 
14.2 

Winged 

24° 

24 

Cont. 
8-16 

4716 
3678 

7002 
2428 

59.6 
39.8 

14 

Cont. 
8-16 

9358 
12465 

7127 
3208 

43.2 
20.5 

14° 

24 

Cont. 
8-16 

5226 
5140 

2747 
1422 

34.5 
21.7 

14 

Cont. 
8-16 

5162 
2990 

1384 
439 

21.1 
12.8 

Alt. 

24 

Cont. 
8-16 

2585 
2635 

3682 
2864 

58.8 
52.1 

14 

Cont. 
8-16 

4487 
4134 

3131 

598 

41.1 
12.6 

Total 

103665 

64122 

order  to  show  the  fluctuations  referred  to  in  the  preceding  section,  space 
forbids  any  such  detailed  presentation.  The  total  numbers  are  large 
enough,  it  is  believed,  to  insure  that  the  fluctuations  largely  neutralize 
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one  another.  The  data  have  not  been  given  statistical  treatment  be- 
cause it  is  uncertain  what  the  real  unit  of  expression  is.  The  validity 
of  the  contrasts  shown  seems  to  be  assured  by  the  fact  that  in  most  in- 

TABLE  II 

The  same  data  as  those  given  in  Table  I,  arranged  to  show  most  directly  the  influence 
of  the  temperature  at  which  the  parents  were  reared. 


Parents 

Offspring 

Reared 
in 
light 

Winged 
or 
wingless 

From  stock 
reared  at 
temperature 

Reared 
at 
temp. 

Wingless 

Winged 

Percentage 
winged 

24° 

3657 

3662 

50.0 

Wingless 

24° 

14° 

4021 

3509 

46.6 

14° 

24° 
14° 

3309 
3207 

3315 
3952 

50.0 

55.2 

24° 

2105 

2405 

53.3 

Cont. 

Alt. 

14° 

3996 

2384 

37.4 

24° 

4716 

7002 

59.6 

Winged 

24° 

14° 

9358 

7127 

43.2 

14° 

24° 
14° 

5226 
5162 

2747 
1384 

34.5 
21.1 

24° 

2585 

3682 

58.8 

Alt. 

14° 

4487 

3131 

41.1 

24° 

3722 

1798 

32.6 

Wingless 

24° 

14° 

4242 

881 

17.2 

14° 

24° 
14° 

2474 
3750 

2482 
1081 

50.1 
22.4 

24° 

2569 

1954 

43.2 

8-16  hr. 

Alt. 

14° 

4037 

667 

14.2 

24° 

3678 

2428 

39.8 

Winged 

24° 

14° 

1  2465 

3208 

20.5 

14° 

24° 

14° 

5140 
2990 

1422 
439 

21.7 
12.8 

24° 

2635 

2864 

52.1 

Alt. 

14° 

4134 

598 

12.6 

stances  the  experiments  can  be  grouped,  all  or  most  of  the  experiments 
in  one  group  showing  the  same  type  of  contrast.  These  facts  will  be 
fairly  apparent  on  inspection  of  the  data. 
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The  total  numbers  of  winged  and  wingless  offspring  horn  of  parents 
derived  from  the  three  stocks  and  reared  under  different  conditions  are 
shown  in  Table  I.  As  there  arranged,  it  is  indicated  that  wingless  and 
winged  parents  were  taken  from  each  of  the  three  temperature  stocks 
(24°,  14°,  alternating)  ;  that  of  each  group  some  were  reared  at  24°, 
others  at  14°  ;  and  that  at  each  temperature  some  were  reared  in  con- 
tinuous light,  others  in  alternating  light  and  darkness  (eight  and  sixteen 
hours,  respectively).  The  offspring  from  these  twenty-four  sources 
are  given  at  the  right,  with  the  percentage  of  winged  individuals  among 
them. 

CONTRAST  OF  LIGHT  CONDITIONS  UNDER  WHICH  PARENTS  WERE 

REARED 

The  arrangement  of  the  data  after  any  scheme  similar  to  that  in 
Table  I  is  best  fitted  to  contrast  the  effect  of  the  conditions  indicated  in 
the  fourth  column  of  the  branching  tree.  In  Table  I  this  contrast  is 
between  continuous  light  and  alternating  light  and  darkness.  Pair  Im- 
pair the  numbers  to  the  right  of  this  column,  more  particularly  the  per- 
centages in  the  last  column  of  the  table,  show  the  different  results  from 
these  two  light  conditions. 

In  every  pair  of  experiments  except  one,  regardless  of  how  they  dif- 
fered in  other  respects,  more  winged  offspring  were  produced  in  con- 
tinuous light  than  in  alternating  light  and  darkness.  In  the  one  excep- 
tional pair,  the  third  in  the  table,  the  two  light  treatments  had  practically 
identical  effects.  In  one  other  pair  (the  eleventh)  there  would  be  room 
to  question  the  significance  of  the  difference  if  it  stood  alone.  But  with 
every  pair  excepting  one  showing  a  difference  of  the  same  sign,  and  most 
of  them  a  difference  of  considerable  size,  there  can  be  but  one  conclu- 
sion: continuous  light  in  general  favors  wing-production  in  this  strain 
of  aphids,  as  against  alternating  light  and  darkness. 

CONTRAST  OF  TEMPERATURES  AT  WHICH  PARENTS  WERE  REARED 

The  results  of  the  same  experiments  are  arranged  in  Table  II  with 
the  temperatures  at  which  the  parents  were  reared  placed  in  the  fourth 
column.  This  position  facilitates  comparison  of  the  effects  of  these 
two  temperatures,  since  each  pair  of  percentages  in  the  last  column  of 
the  table  shows  that  contrast  directly  for  one  combination  of  the  other 
factors. 

A  glance  at  the  right  column  shows  that  all  of  the  pairs  of  percent- 
ages show  differences  of  the  same  sign  except  one.  The  first  two  dif- 
ferences, which  include  the  exceptional  one  and  another  which  agrees 
with  the  majority  in  sign,  are  small  and  are  perhaps  not  significant.  The 
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rest  all  indicate  that  distinctly  more  winged  offspring  are  produced  at 
high  temperature  (24°)  than  at  low  (14°).  no  matter  what  other  con- 
ditions are  combined  with  it. 

TABLE  ill 

The  data  of  Table  I  rearranged  to  show  'most  directly  the  effect  of  wings  or  their 
absence  in  the  parents  upon  wing- production  in  their  offspring. 


Parents 

Offsprins 

From  stock 
reared  at 
temperature 

Reared 
at 
temp. 

Reared 
in 
light 

Winged 
or 
wingless 

Wingless 

Winged 

Percentage 
winged 

24° 

24° 

Cont. 

Wingless 
Winged 

3657 
4716 

3662 

7002 

50.0 
59.6 

8-16 

Wingless 
Winged 

3722 
3678 

1798 

2428 

32.6 
39.8 

14° 

Cont  . 

Wingless 
Winged 

4021 
9358 

3509 
7127 

46.6 
43.2 

8-16 

Windless 
Winged 

4242 
12465 

881 
3208 

17.2 
20.5 

14 

24° 

Cont. 

Wingless 
Winged 

3309 
5226 

3315 
2747 

50.0 
34.5 

8-16 

Wingless 
Winged 

2474 
5140 

2482 
1422 

50.1 
21.7 

14° 

Cont. 

Wingless 
Winged 

3207 
5162 

3952 
1384 

55.2 
21.1 

8-16 

Wingless 
Winged 

3750 
2990 

1081 
439 

22.4 
12.8 

Alt. 

24° 

Cont. 

Wingless 

\\  ill-rcl 

2105 

2585 

2405 

3682 

53.3 
58.8 

8-16 

Wingless 
Winged 

2569 

2635 

1954 
2864 

43.2 
52.1 

14° 

Cont. 

Wingless 
Winged 

3996 

4487 

2384 
3131 

37.4 
41.1 

8-16 

Wingless 
Winged 

4037 
4134 

667 
598 

14.2 
12.6 

It,  despite  their  smallnesx  tlu1  differences  m  the  hrst  two  pairs  are 
significant,  the  presence  or  absence  of  a  cliant/c  in  the  temperature  may 
In-  responsible  for  influencing  wing  production.  In  the  first  pair,  those 
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parents  which  came  from  a  stock  reared  at  24°  and  wen-  continued  at 
24°  in  the  experiments  produced  the  larger  number  of  winged  offspring. 
In  the  second  pair  those  parents  which  came  from  a  14°  stock  and  were 
continued  at  14°  produced  the  more  winged  offspring.  It  is  possible 
that  mere  change  from  one  temperature  to  another,  whether  from  high 
to  low  or  from  low  to  high,  reduced  wing-production  somewhat.  In 
any  case  this  could  he  said  only  of  the  wingless  parents  kept  in  con- 
tinuous light.  It  is  difficult  to  attribute  any  such  effect  to  mere  change 
in  any  other  part  of  the  table. 

CONTRAST  OK  WINCED  WITH  WIXCLKSS  PARK.VIS 

The  data  of  the  experiments  are  rearranged  in  Table  III  in  such  a 
way  as  to  show  most  plainly  the  effect  of  wings  or  their  absence  in  the 
parents  upon  wing  production  in  the  offspring.  This  is  done  by  placing 
the  nature  of  the  parents  in  the  fourth  column  so  that  the  pairs  of  per- 
centages in  the  last  column  will  show  that  particular  contrast. 

The  most  striking  fact  brought  out  by  this  arrangement  is  that  the 
winged  parents  produced  notably  fewer  winged  offspring  than  did  the 
wingless  parents,  provided  the  parents  had  been  taken  from  the  low 
temperature  (14°)  stock — but  under  no  other  circumstances.  It  made 
no  difference  in  what  light  or  temperature  they  were  reared;  if  only 
they  came  from  the  14°  stock,  the  winged  parents  yielded  the  fewer 
winged  offspring. 

When  the  parents  came  from  the  24°  or  the  alternating  temperature 
stocks,  it  made  less  difference  whether  they  were  winged  or  not.  In- 
deed, it  might  be  questioned  whether  wings  made  any  difference  in  the 
offspring.  Of  the  eight  contrasts  from  these  two  stocks  shown  in  the 
last  column,  the  winged  parents  yielded  the  more  winged  offspring  in 
six,  and  fewer  winged  offspring  in  two.  One  of  the  differences  is  9.6 
per  cent,  one  8.9  per  cent,  a  third  7.2,  the  others  less.  While  it  seems 
likely  that  this  preponderance  of  the  results  must  indicate  that  in  general 
wings  in  the  parents  favor  wings  in  the  offspring  when  the  parents  come 
from  high  or  alternating  temperature,  the  influence  can  only  be  slight 
and  is  presumably  modified  bv  some  other  factor. 

CONTRAST  OF  TEMPERATURES  FROM  WHICH   PARENTS  WERE  TAKEN 

By  placing  the  temperature  conditions  of  the  three  stocks  in  the 
fourth  column  the  effects  of  these  antecedents  are  most  clearly  shown. 
This  is  done  in  Table  IV.  In  that  table  it  is  shown,  so  far  as  concerns 
the  stocks  reared  at  24°  and  14°,  that  in  every  instance  more  winged 
offspring  were  produced  by  parents  taken  from  the  24°  stock  than  by 
those  taken  from  the  14°  stock  provided  the  parents  chosen  were  winged. 
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The  differences  all  seem  certainly  significant.  Hut  if  wingless  females 
were  chosen  as  parents,  then  in  general  more  winged  offspring  were  pro- 
duced by  those  coming  from  the  14°  stock.  There  is  one  exception  to 
this  latter  statement,  namely,  the  first  trio  of  percentages,  in  which  the 

TABLE  IV 

The  data  of  Table  I  so  arranged  as  to  show  most  directly  the  effect  of  the  temperature 
at  which  the  parents  and  their  ancestors  were  reared  (prior  to  the  beginning  of  experi- 
ments) upon  wing-production  in  their  offspring,  with  special  reference  to  the  24°  and  14° 
stocks. 


Parents 

Offspring 

Winged 
or 
wingless 

Reared 
in 
light 

Reared 
at 
temperature 

From  stock 
reared  at 
temperature 

Wingless 

Winged 

Percentage 
winged 

24° 

3657 

3662 

50.0 

24° 

14° 

3309 

3315 

50.0 

Com. 

Alt. 

2105 

2405 

53.3 

24° 

4021 

3509 

46.6 

14° 

14° 

3207 

3952 

55.2 

Wingless 

Alt. 

3996 

2384 

37.4 

24° 

3722 

1798 

32.6 

24° 

14° 

2474 

2482 

50.1 

8-16 

Alt. 

2569 

1954 

43.2 

24° 

4242 

SSI 

17.2 

A 

14° 

14° 

Alt. 

3750 
4037 

1081 
667 

22.4 
14.2 

24° 

4716 

7002 

59.6 

24° 

14° 

5226 

2747 

34.5 

Cont. 

Alt. 

2585 

3682 

58.8 

24° 

9358 

7127 

43.2 

14° 

14° 

5162 

1384 

21.1 

Winged 

Alt. 

4487 

3131 

41.1 

24° 

3678 

2428 

39.8 

24° 

14° 

5140 

1422 

21.7 

8  16 

Alt. 

2635 

2864 

52.1 

24° 

12465 

3208 

20.5 

14° 

14° 

2990 

439 

12.8 

Alt. 

4134 

598 

12.6 

wing-production  was  practically  identical  for  parents  taken   trom  both 
the  24°  and  14°  stocks. 

It  is  difficult  to  see  any  relation  between  the  experiments  performed 
with  parents  from  the  alternating  stock  and  those  derived  from  either 
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of  the  other  two  stocks.  In  sonic  experiments  such  parents  produced 
more  winged  offspring  than  did  those  from  cither  of  the  constant  tem- 
peratures, in  other  experiments  fewer  than  either,  and  in  still  others  a 
number  intermediate  between  those  from  the  two  constant  temperatures. 
There  appears  to  be  no  general  rule  stating  these  relations. 

DISTRIBUTION  OF  WING  PRODUCTION  THROUGH  THE  FAMILY  WITH 

RESPECT  TO  AGE 

It  is  important  in  judging  the  effects  of  different  agents  on  wing 
production  to  know  how  the  wings  are  distributed  among  the  successive 
offspring  of  the  treated  parents.  The  experiments  were  so  conducted 
as  to  make  this  information  available.  In  all  experiments  the  parents 
were  removed  to  the  stipulated  conditions  while  in  the  late  fourth  instar 
or  just  after  becoming  adult.  Their  offspring  were  obtained  in  suc- 
cessive groups  by  changing  the  parents  to  a  new  plant  every  two  days 
if  at  high  temperature,  or  every  four  or  five  days  (five  in  early  experi- 
ments, four  later)  if  at  low  temperature.  Most  families  were  practi- 
cally complete  in  six  to  eight  such  successive  groups.  It  is  possible, 
therefore,  to  ascertain  how  the  proportion  of  winged  offspring  changed 
from  the  beginning  to  the  end  of  the  family.  It  would  again  be  instruc- 
tive to  show  the  families  separately,  but  space  forbids.  All  families 
derived  from  a  common  source  and  treated  in  the  same  way  are  collected 
into  one  lot,  just  as  was  done  with  the  data  so  far  presented. 

The  percentage  of  winged  offspring  from  the  twenty-four  lots  of 
parents  is  shown  in  the  twenty-four  curves  of  Plate  I.  To  save  tabular 
matter  the  actual  numbers  of  individuals  are  not  given.  The  total  num- 
ber represented  by  each  curve  may  be  ascertained  from  Table  I.  How- 
ever, the  number  in  each  of  the  six  to  eight  successive  lots  of  offspring 
does  not  appear.  In  general,  the  early  offspring  were  much  more  nu- 
merous than  late  ones ;  the  last  lot  was  sometimes  so  small  that  a  per- 
centage based  on  it  could  not  be  very  reliable. 

Effect  of  Age 

For  some  of  the  groups  of  parents  the  conditions  of  temperature 
and  light  at  which  they  were  reared  represented  no  change  whatever. 
This  is  true  of  curves  A,  D,  N  and  Q,  which  are  darkened  for  ease  of 
selection.  Whatever  change  takes  place  in  the  percentage  of  winged 
offspring  from  one  of  these  groups  of  parents  may  be  looked  upon  as 
in  some  respect  an  effect  of  age.  It  is  of  interest  to  find  that  the  change 
with  age  is  of  the  same  sort  in  all  of  them ;  the  winged  offspring  become 
irregularly  less  numerous  the  older  the  parents  are.  The  decline  of  the 
winged  individuals  is  most  rapid  among  the  offspring  of  wingless  parents 
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at  24°  and  continuous  light  (curve  A}.  It  is  slowest,  but  unmistakable, 
among  those  from  winged  parents  at  either  24°  or  14°  and  continuous 
light  (curves  D  and  Q)  ;  however,  curve  D  is  throughout  at  a  much 
higher  level  than  Q.  \Yhether  the  decline  in  curve  AT  is  greater  than 
that  in  A  may  be  questioned.  Except  at  the  beginning,  curve  N  is  every- 
where higher  than  .-/,  but  it  can  hardly  be  said  that  the  difference  in- 
creases from  left  to  right;  and  the  sharp  rise  at  the  end  of  A'  is  based 
on  only  thirty-three  offspring  in  the  last  4-day  output. 

The  decline  in  all  these  curves,  representing  an  age  effect,  must  of 
course  be  taken  into  account  in  judging  the  influence  of  the  other  factors. 
No  effect  of  any  other  factor  is  to  be  inferred  unless  this  result  of  age 
is  accentuated  or  reversed  or  partially  nullified  or  in  some  way  modified 
in  at  least  part  of  the  family. 

Effect  of  Changed  Conditions 

All  curves  other  than  A,  D,  N  and  Q  represent  the  distribution  of 
winged  offspring  through  the  family  as  affected  by  one  or  more  changes 
of  conditions.  The  first  column  of  curves  (A — F)  show  the  slightest 
change  of  any  in  the  entire  set  of  experiments.  Curves  B  and  C  do 
not  differ  in  any  striking  way  from  ./,  which  means  that  changing  the 
parents  from  14°  or  alternating  temperature  to  24°  does  not  modify  the 
distribution  of  winged  offspring  as  determined  by  mere  age.  With  re- 
spect to  winged  parents,  curve  /:  differs  from  /)  chiefly  in  being  lower; 
its  decline  is  about  the  same  as  that  of  /:.  The  low  level  of  wing- 
production  in  /:  is  not.  however,  due  to  a  change  of  the  parents  from 
14°  to  24°,  since  curve  Q  is  even  lower.  Change  from  14°  to  24°  suf- 
ficed to  raise  curve  /:  somewhat,  but  not  nearly  so  high  as  D.  This  pre- 
sumably means  that  the  temperature  at  which  the  parents  were  reared 
before  the  experiments  be^an  influenced  the  amount  of  wing  production 
in  their  offspring  more  than  did  the  temperature  maintained  during  the 
experiments — a  statement  which  applies  only  to  winged  parents.  Curve 
P  differs  from  /)  only  toward  the  end  of  the  family,  where  it  shows 
sharply  less  wing-production  than  in  />. 

The  curves  in  the  second  column  of  Plate  T  have  one  striking  feature 
in  common,  namely,  a  sharp  dip  in  wing-production  about  tin-  first  one- 
fourth  or  one-third  of  the  family.  This  dip  is  quite  marked  when  the 
parents  are  wingless  (curves  G — /),  since  the  initial  wing-production,  as 
in  most  other  families  from  wingless  parents,  is  high.  When  the  par- 
ents are  winged  (curves  / — L)  the  initial  wing-production  is  quite  low. 
and  the  dip  is  less  conspicuous  or  may  even  disappear.  After  this  de- 
pression the  curve  rises  sharply,  leveling  off  or  even  declining  at  the 
end  in  some.  No  early  depression  occurs  in  any  of  the  curves  of  the 
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first  column  (A — F)  ;  in  fact,  there  is  a  slight  tendency  in  these  curves 
for  the  second  lot  of  offspring  to  cause  a  hump  in  the  curve,  either  by 
including  more  winged  individuals  than  the  first  lot  does,  or  by  receding 
less  than  the  later  curve  as  a  whole  does.  These  depressions  must  there- 
fore be  attributed  to  the  one  factor  which  is  different  in  curves  G — L 
as  contrasted  with  A — F,  namely,  the  alternating  light  and  darkness  to 
which  the  parents  were  exposed  during  the  experiment. 

Curves  M — R,  obtained  under  a  single  set  of  conditions,  but  from 
different  kinds  of  parents  whose  antecedent  treatment  was  various, 
are  not  strikingly  different.  They  all  show  a  decline  that  is  mostly 
attributable  to  age.  There  are  no  constant  humps  nor  depressions. 
They  start  high  when  the  parents  are  wingless,  or  when  the  parents 
are  winged  and  raised  previously  in  alternating  temperatures.  Their 
general  similarity  presumably  means  that  14°  and  continuous  light 
during  the  reproductive  period  of  the  parents  are  more  influential  than 
any  change  to  those  conditions  from  any  antecedent  conditions.  The 
low  start  of  curves  P  and  Q,  particularly  the  latter,  seems  to  be  due 
to  the  fact  that  the  parents  were  winged,  though  winged  parents  pre- 
viously kept  in  alternating  temperatures  (curve  R)  did  not  start  out 
with  a  small  percentage  of  winged  offspring. 

Curves  5" — X  in  the  last  column  of  Plate  I  are  very  similar.  Each 
presents  at  the  outset  a  decline  which  is  precipitous  if  the  starting  point 
was  high  (S — U),  but  moderate  if  the  percentage  of  winged  offspring 
was  at  first  low  (V-—  X).  After  this  decline  there  is  a  moderate  rise 
in  wing-production,  the  peak  of  which  comes  at  various  places  in  the 
family.  Following  the  rise  there  is  another  decline. 

Effect  of  Intermittent  Light 

The  outstanding  general  result  of  the  various  sets  of  conditions  is 
the  effect  of  alternating  light  and  darkness  during  the  experiments. 
The  second  and  fourth  columns  of  curves  (G — L  and  5 — X)  in  Plate  I 
show  this  effect.  A  reduction  of  wing-production  in  the  early  part  of 
the  family  followed  by  a  rise  later  occurs  in  every  one  of  these  curves. 
The  depth  of  the  early  depression  depends  chiefly  on  the  initial  amount 
of  wing-production  (which  in  turn  depends  chiefly  on  the  presence  or 
absence  of  wings  in  the  parents),  while  the  height  of  the  subsequent 
rise  depends  mostly  on  the  current  temperature  (high  temperature  in- 
creasing the  rise).  At  high  temperature  there  is  little  indication  of  a 
second  fall  after  the  rise,  but  at  low  temperature  such  a  decline  is  pres- 
ent in  every  instance.  It  may  be  plausibly  suggested  that,  if  repro- 
duction continued  longer  at  high  temperature  (G — L),  there  might  be 
a  second  decline  comparable  with  the  one  at  low  temperature  (S — X). 
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I'ossible  Interpretations 

The  results  of  these  experiments  show  that  every  1  actor  tested  has 
a  very  noticeable  effect  on  wing-production.  A  fair  weighting  of  their 
effects  would  undoubtedly  assign  a  greater  influence  to  alternating  light 
and  darkness,  as  against  continuous  light,  during  the  experiment  than  to 
any  other  agent.  Second  place  would  probably  be  taken  by  the  tempera- 
ture used  (whether  24°  or  14°)  during  the  experiment.  Third  rating 
would  probably  go  to  wings  or  winglessness  in  the  parents,  though  its 
effect  is  striking  onlv  in  parents  taken  from  a  low  temperature  stock. 
And  fourth  place  belongs  to  the  temperature  applied  to  the  parents  be- 
fore the  beginning  of  the  experiment,  the  lowest  place  being  assigned  to 
this  factor  because  it  acts  in  a  regular  and  marked  way  only  on  the 
winged  parents  and  only  in  the  two  constant  temperatures  used. 

The  somewhat  rhythmical  succession  ot  depressions  and  peaks  ot 
wing-production  under  the  most  influential  of  these  agents,  namely, 
alternating  light  and  darkness,  indicate  that  a  moderately  simple  physio- 
logical explanation  ought  to  be  attainable.  Such  an  explanation  should 
be  sought  with  caution,  however.  An  attempt  was  made  in  an  earlier 
study  (Shull.  1('2'M  to  explain  wing-production  as  due  to  a  substance 
resulting  from  the  decomposition,  in  darkness,  ot  another  substance 
produced  in  the  light.  The  strain  then  being  used  for  experiments  was 
clone  A  of  a  later  paper  (  Shull.  ll>32).  As  described  in  the  latter  pa- 
per, clone  ./  changed  radically  in  the  fall  of  l{>2(>  to  become  clone  A'. 
It  is  clone  ./'  that  furnished  the  material  for  the  experiments  here  re- 
ported, and  wing-production  in  clone  A'  is  in  many  respects  different 
from  that  of  ./.  even  to  the  extent  of  directly  reversing  its  response  to 
light.  A  physiological  explanation  which  tits  the  results  I  mm  both  ./ 
and  A'  becomes  therefore  difficult.  It  would  be  possible  to  postulate 
curves  of  physiological  change  of  such  shape  that  their  relations  to  one 
another  could  hi-  held  to  explain  most  of  the  facts  ascertained  in  this 
group  of  experiments,  including  the  rhythmical  change  ot  wing-produc- 
tion in  curves  S — X  (perhaps  also  (/' — /. ).  Until  there  is  some  known 
physiological  feature  of  the  aphids  which  corresponds  to  at  least  part  ol 
such  assumptions,  however,  the  devising  of  curves  is  of  doubt  tul  value. 
It  seems  the  part  of  wisdom  to  wait. 

SUMMARY 

In  general,  continuous  light  applied  to  the  strain  of  aphids  here  used 
resulted  in  more  wing-production  than  did  alternating  light  and  dark- 
ness, mostly  regardless  of  the  other  conditions  imposed. 
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More  winded  offspring  were  produced  at  high  temperature  than  at 
low.  in  all  combinations  of  other  conditions  except  one.  The  difference 
in  the  one  exceptional  set  of  conditions  was  small. 

A  mere  change  of  temperature  from  low  to  high  or  from  high  to 
low  may  perhaps  reduce  wing-production  in  certain  of  the  conciliations 
of  other  agents,  but  not  in  most  of  them. 

Winged  parents  produced  strikingly  fewer  winded  offspring  than 
did  wingless  parents  if  taken  from  the  low  temperature  stock.  Winged 
parents  from  the  high  temperature  or  alternating  temperature  stocks 
produced  mostly  more  winged  offspring  than  did  wingless  parents,  but 
none  of  the  differences  was  large. 

Winged  parents  taken  from  a  high  temperature  stock  produced  many 
more  winged  offspring  under  all  other  conditions  than  did  winged 
parents  taken  from  a  low  temperature  stock. 

Wingless  parents  generally  reversed  the  above  response,  since  they 
produced  more  winged  offspring  if  taken  from  a  low  temperature  stock 
than  if  taken  from  a  high  temperature,  in  all  combinations  of  other 
conditions  except  one.  In  that  one  exception  there  was  no  difference 
between  the  wingless  parents  from  the  two  different  temperatures. 

Regarding  the  response  of  parents  taken  from  an  alternating  stock 
as  compared  with  constant  temperature  stocks,  no  general  rule  can  be 
stated.  The  results  were  very  irregular. 

Under  uniform  conditions,  and  without  change  from  the  conditions 
applied  to  the  parents  before  their  reproductive  period  begins,  there  is 
a  rather  rapid  and  steady  decline  in  the  number  of  winged  offspring 
from  the  beginning  to  the  end  of  the  family.  The  decline  is  more  rapid 
for  wingless  parents  than  for  winged  ones. 

At  high  or  low  temperature  and  in  continuous  light  the  age  effect 
described  in  the  preceding  paragraph  is  the  chief  factor  governing  dis- 
tribution of  wing-production  through  the  family. 

At  high  temperature  and  in  alternating  light  and  darkness  there  is 
a  decline  in  wing-production  early  in  the  family,  lollowed  by  a  sharp 
rise  later,  regardless  of  the  type  of  parents  or  the  temperature  from 
which  they  were  taken. 

At  low  temperature  and  in. alternating  light  and  darkness  there  is  a 
decline  of  wing-production  early  in  the  family,  a  slight  or  moderate  rise 
thereafter,  and  a  decline  toward  the  end  of  the  family,  regardless  of  the 
type  of  parents  or  the  temperature  from  which  they  were  taken. 

The  most  effective  of  all  the  agents  tested  in  these  experiments  is  the 
light  conditions  (whether  continuous  or  alternating)  prevailing  during 
the  experiment.  Temperature  during  the  experiment  is  next  most  im- 
portant. Wings  or  wingless ie-s  of  the  parents  is  third  in  importance, 
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followed  closely  by  the-  temperature  at  which  the  parents  were  reared 
hefore  the  experiment  begun. 

The  time  seems  not  ripe  to  attempt  a  physiological  explanation  which 
will  fit  these  results  as  well  as  the  somewhat  divergent  ones  obtained  in 
previous  studies. 
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GEORGE  W.  KIDDER  AND  FRAXc  IS  M.  SUMMERS 

(From  the  Marine  Biological  Laboratory.  U'onds  Hole,  Massachusetts} 

This  is  the  first  of  a  series  of  studies  undertaken  in  an  effort  to 
contribute  to  our  knowledge  of  the  ciliates,  both  commensal  and  para- 
sitic, that  are  associated  with  various  invertebrate  hosts  in  the  region  of 
Woods  Hole,  Massachusetts.  The  present  paper  deals  with  the  stoma- 
tous  ectocommensals  of  three  species  of  the  family  Orchestiidae :  Talor- 
chcstia  longicornis  (Say),  Orchestia  agilis  Smith,  and  Orchestic!  palus- 
tris  Smith.  The  study  includes  not  only  the  morphological  details 
necessary  for  the  determination  of  the  taxonomic  rank  of  this  group 
of  ciliates  but  also  a  cytological  study  of  the  process  of  binary  fission 
of  one  of  the  species. 

The  material  for  this  investigation  was  collected  in  the  vicinity  of 
Woods  Hole,  Massachusetts  and  the  studies  carried  out  at  the  Marine 
Biological  Laboratory.  We  wish  to  express  our  appreciation  to  Miss 
Florence  Stuck  of  Columbia  University  for  calling  our  attention  to  the 
occurrence  of  some  of  the  ciliates  here  described. 

MATERIAL  AND  METHODS 

Our  initial  material  was  collected  during  the  summer  of  1931  from 
Nobska  Beach.  At  this  time  a  number  of  specimens  of  the  sand  flea 
Talorchcstia  longicornis  were  taken  and  transferred  in  moist  sand  to 
New  York  City  where  a  preliminary  study  of  the  ectocommensals  was 
made.  During  the  summer  of  1934  intensive  collections  of  the  same 
species  of  amphipod  together  with  Orchestia  agilis  and  Orchestia  palns- 
tris  gave  us  ample  opportunity  to  continue  our  observations.  Orchestia 
agilis  and  Orchestia  palustris  were  also  collected  from  Sippewisset 
Beach  and  from  the  muddy  banks  of  the  Eel  Pond  in  Woods  Hole. 

Talorchcstia  is  found  buried  in  the  sands  during  the  day  near  the 
high  water  mark.  It  is  a  relatively  simple  matter  to  obtain  abundant 
material  by  digging  them  out  and  placing  them  in  a  container  partially 
filled  with  moist  sand.  Orchestia  agilis  is  found  in  great  abundance 
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among  the  moist  and  decaying  sea  weed  that  has  heen  beached  by  the 
tide.  They  can  be  collected  by  the  thousands  by  shaking  some  of  this 
sea  weed  over  any  vessel,  care  being  taken  to  cover  the  vessel  quickly 
to  prevent  their  escape.  Orchcstia  palustris  burrows  in  the  mud  under 
decaying  vegetation  and  must  be  collected  individually.  As  this  species 
is  much  less  active  than  the  preceding  one.  abundant  material  can  be 
collected  in  a  minimum  of  time. 

In  all  cases  the  amphipods  were  brought  directly  to  the  laboratory 
where  the  preparations  of  their  ectocommensals  were  made.  As  the 
material  was  abundant,  ample  opportunity  was  afforded  for  a  detailed 
study  in  the  living  condition  of  all  of  the  species  of  ciliates  here  de- 
scribed. For  the  cytological  details  permanent  preparations  were  made 
by  crushing  the  host  on  an  albumini/ed  cover  glass,  the  ciliates  coming 
away  from  the  carapace  in  tin-  body  fluids.  These  smears  were  then 
fixed  and  stained  in  any  desired  manner. 

For  morphological  observation  the  best  results  were  obtained  In- 
fixing the  ciliates  in  strong  Flemming's  fluid,  staining  in  Heidenhain's 
hsematoxylin  and  differentiating  in  a  10  per  cent  solution  of  superoxol, 
following  the  method  described  by  Kidder  (1 934<7 ).  Excellent  results 
were  also  obtained  by  the  use  of  the  liorrel  mixture  following  hot 
(60°  C.)  Schaudinn's  fluid. 

For  the  details  of  the  divisional  activitv  the  Feulgen  nucleic-acid 
reaction  following  hot  (60°  C.)  Schaudinn's  fluid  proved  invaluable, 
although  each  sta-e  was  checked  with  material  stained  in  Heidenhain's 
haematoxylin  and  differentiated  in  iron  alum. 

TAXONOMY 

Only  two  genera  of  holotrichous  ciliates  are  found  to  be  associated 
as  commensals  with  the  three  species  of  amphipod  hosts  studied.  The 
most  abundant  ciliates  belong  to  a  hitherto  undescribed  genus,  which  we 
have  named  Allospheerium  gen.  nov..  of  which  there  are  five  distinct 
species.  Less  abundant,  but  occurring  regularly,  are  found  three  un- 
described species  of  the  genus  Chilodonella  Strand. 

Allospheeriuin  </cn.  nor. 

Allosphcerium  is  a  small  (  24  />.  to  5(>//. )  holotrichous  ciliate.  All  of 
the  species  so  far  discovered  live  as  commensals  on  the-  carapace  and  gill 
lamelke  of  three  species  of  amphipods  (Talorchestia  longicornis,  Or- 
chcstia agilis,  and  Orchcstia  pulnstris).  They  are  remarkably  adapted 
for  this  mode  of  life,  being  very  flat  dorso-ventrally  and  possessing  great 
thigmotactic  powers.  When  washed  onto  a  slide  and  studied  in  life  it 
is  seen  that  thev  adhere  tenaciously  to  the  glass  or  to  the  surface  film  of 
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the  water.  They  creep  rapidly  along  these  surfaces  with  a  rather  steady 
motion  moving  in  wide  circles  to  the  left.  When  dislodged  they  swim 
rapidly  in  a  jerky  fashion  and  quickly  settle  to  any  surface  with  which 
they  come  in  contact. 

When  viewed  from  the  dorsal  surface  these  ciliates  are  nearly  oval, 
although  slightly  asymmetrical.  The  left  lateral  margin  conforms  more 
nearly  to  the  anterio-posterior  axis  than  docs  the  right,  which  is  curved 
in  a  wide  arc.  The  anterior  end  is  usually  slightly  pointed  while  the 
posterior  end  is  evenly  rounded  in  most  cases,  although  in  some  it  is 
nearly  truncate. 

The  dorsal  surface  is  arched  and  devoid  of  cilia  while  the  ventral 
surface  is  slightly  concave  and  covered  with  from  twelve  to  twenty- 
seven  rows  of  fine  cilia.  On  the  ventral  surface  the  lateral  pellicle  is 
extended  into  two  folds  partially  enclosing  the  concave  ciliated  area. 
The  right  fold  is  smooth  and  extends  nearly  or  wholly  the  length  of 
the  body,  while  the  left  fold  is  more  in  the  form  of  a  lapel,  smooth  in 
some  cases,  notched  in  others. 

The  cytostome  is  located  near  the  anterior  end  on  the  ventral  sur- 
face of  the  body.  It  is  oval  or  irregular  in  shape  depending  on  the 
species.  The  posterior  border  of  the  cytostome  is  guarded  by  a  shelf 
or  ridge,  perpendicular  to  the  long  axis  of  the  body  and  extending  to 
the  left  lateral  margin.  Anterior  to  this  ridge  the  ventral  surface  falls 
away  into  a  trough  which  forms  a  naked,  rather  shallow  oral  groove. 
The  cytostome  is  equipped  with  peculiar  specialized  ciliary  elements. 
Originating  within  the  oral  opening  and  extending  well  to  the  outside 
are  three  groups  of  fused  cilia,  forming  three  separate  membranes. 
These  membranes  are  pointed  at  their  distal  ends  and  fan-shaped  proxi- 
mally.  Two  of  them  originate  from  the  posterior  wall  of  the  cytostome 
and  somewhat  overlap  one  another  while  the  third  is  always  more  nar- 
row and  originates  from  the  right  wall  of  the  cytostome.  The  ones 
posterior  beat  out  and  up  in  a  direction  parallel  to  the  long  axis  of  the 
body.  The  narrow  lateral  membrane  beats  out  and  toward  the  left  in 
a  direction  perpendicular  to  the  long  axis  of  the  ciliate.  The  cilia  of 
the  membranes  are  fused  and  beat  synchronously  as  a  single  unit  but 
the  membranes  are  not  synchronized  with  each  other.  Their  move- 
ments are  discontinuous  and  their  function  is  presumably  to  sweep  food 
into  the  mouth  in  much  the  same  manner  as  the  pseudomembranelles  of 
Kidderia  Raabe  1934a  (Conchophthirius)  uiytili  (Kidder,  1933«). 

There  is  a  single  macronucleus,  more  or  less  oval  in  shape,  located 
near  the  center  or  slightly  anterior  to  the  center  of  the  cell.  The  single 
micronucleus  is  situated  just  anterior  to  the  macronucleus. 
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In  four  of  the  five  species  of  this  genus  there  are  two  well-developed 
contractile  vacuoles,  one  in  the  anterior  fourth  of  the  body  well  toward 
the  left  margin,  and  one  in  the  posterior  fourth  of  the  body,  either 
centrally  located  or  toward  the  left  margin  of  the  cell.  The  fifth  species 
possesses  but  one  contractile  vacuole  which  is  situated  toward  the  left 
lateral  edge  just  anterior  to  the  cell  center. 

In  the  posterior  cytoplasm  well  toward  the  left  side  of  the  body  is 
found  a  curious  inclusion  which  is  constant  for  all  species  of  the  genus. 
In  life  this  inclusion  is  in  the  form  of  a  refractile  sphere  while  in 
haematoxylin  preparations  it  stains  intensely.  It  decolorizes  more  read- 
ily than  do  the  nuclei  but  can  easily  be  identified,  especially  in  Flemming- 
Heidenhain  preparations.  It  is  negative  to  the  Feulgen  nucleic-acid 
reaction  and  does  not  stain  with  either  neutral  red  or  Janus  green.  The 
acid  (green)  component  of  the  1'orrel  mixture  stains  it  with  great  in- 
tensity. All  fixations  used,  whether  or  not  they  contain  acetic  acid, 
preserve  it.  In  life  as  well  as  in  stained  preparations  this  endoplasmic 
sphere  always  appears  homogeneous  as  to  structure  and  constant  as  to 
shape.  Our  observations  to  date  have  given  us  no  clue  as  to  the  possible 
significance  or  function  of  this  unique  cell  inclusion.  Because  of  its 
behavior  during  cell  division,  as  will  be  noted  later  in  this  report,  we 
are  inclined  to  regard  it  as  a  metaplastid,  but  one  that  is  very  regular 
in  its  appearance  within  the  species  of  this  genus. 

The  five  species  of  the  genus  Allosphcerium  form  a  closely  integrated 
group.  They  differ  from  one  another  in  average  si/es  although  there 
i>  considerable  overlapping  at  the  extremes.  The  number  of  rows  of 
cilia  on  the  ventral  surface  is  constant  for  a  given  species  and  this  crite- 
rion, taken  with  the  differences  in  shape,  si/.e.  and  appearance  of  the 
nuclei  as  well  as  the  ventral  pellicular  folds,  makes  it  possible  to  differ- 
entiate one  species  from  another  readily. 

There  appears  to  be  little  host  specificity  in  tins  group  as  all  three 
species  of  amphipods  used  in  this  investigation  were  found  to  carry  an 
infestation  of  at  least  two  of  the  species  of  Allosphccnnm. 

Following  is  a  short  general  description  of  the  five  species  of  the 
genus  .  lllosphcerium. 

Allosphceriuin  palustrls  gen.  nov.,  sp.  nov.  (Fig.  1,  A). — This  ciliate 
is  the  largest  species  of  the  genus  so  far  encountered.  It  averages  55 /* 
in  length  (  !'>//  to  59 /A).  The  dorsal  surface  is  weakly  arched  and  pos- 
sesses three  folds.  One  fold  occurs  along  the  right  margin  in  the  pos- 
terior half.  It  follows  the  general  contour  of  the  body  and  terminates 
near  the  posterior  end  of  the  ciliate.  The  other  two  start  just  posterior 
to  the  level  of  the  cytostome  near  the  left  margin  and  end  at  about  the 
level  of  the  endoplasmic  sphere.  These  dorsal  furrows  are  constant  in 
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this  species.  They  disappear  only  after  the  ciliate  hecomes  flattened, 
between  the  slide  and  cover,  to  the  extent  that  only  feeble  motion  is 
possible. 

The  -ventral  surface  is  nearly  flat  and  covered  with  twenty-seven 
rows  of  fine  cilia.  Of  these  twenty-seven  rows  three  originate  anterior 
and  to  the  left  of  the  cytostome,  curve  around  its  anterior  extremity 
and  follow  the  contour  of  the  right  lateral  margin  of  the  body  and 
finally  end  in  an  oblique  suture  near  the  left  posterior  edge  of  the  ciliate. 
The  remaining  twenty-four  rows  originate  in  a  line  just  posterior  to  the 
cytostome  and  proceed  backwards.  Half  of  them  swing  down  in  an 
arc  to  enter  the  suture  from  its  posterior  right  side,  while  the  other  half 
either  converge  at  the  innermost  tip  of  the  suture  or  enter  it  from  its 
left  anterior  side.  The  cilia  in  the  mid-region  of  the  body  are  rather 
short  while  those  of  the  anterior  portion  about  the  mouth  and  those  of 
the  extreme  posterior  region  of  the  cell  are  quite  long.  All  of  these 
peripheral  cilia  beat  metachronously. 

The  cytostome  is  relatively  large,  the  outlines  being  regularly 
notched  on  the  right  side.  The  two  posterior  ciliary  membranes  are 
large  and  triangular  while  the  right  membrane  is  narrow  and  long. 

The  right  ventral  pellicular  fold  is  very  narrow  and  shallow,  extend- 
ing the  full  length  of  the  body.  The  left  fold  starts  just  anterior  to 
the  center  of  the  cell  and  is  extremely  broad.  It  is  smoothly  rounded 
and  overlaps  a  considerable  portion  of  the  left  posterior  region  of  the 
ventral  surface. 

The  endoplasmic  sphere  is  always  situated  just  at  the  inner  end  of 
the  oblique  suture.  It  is  relatively  small  in  comparison  with  the  same 
inclusion  of  some  of  the  other  species  of  this  genus. 

There  are  two  contractile  vacuoles,  one  located  just  anterior  and 
slightly  to  the  left  of  the  endoplasmic  sphere  and  the  other  situated  near 
the  right  border  of  the  cell  in  the  anterior  fifth  of  the  body.  Their 
diastolic  period  is  quite  long  and  there  appears  to  be  no  regularity  be- 
tween the  emptying  of  the  two. 

The  macronucleus  is  ovoid  in  outline  and  appears  to  be  made  up  of 
a  dense  reticulum  of  chromatin.  It  lies  in  the  anterior  portion  of  the 
cell  slightly  to  the  right  of  the  center.  The  single  micronucleus  is 
found  just  anterior  to  the  macronucleus.  It  is  relatively  large  and 
spherical  and  stains  very  intensely  with  all  of  the  basic  dyes. 

Allosphccriuui  palustris  is  found  commonly  although  never  abun- 
dantly on  the  carapace  and  gill  lamella;  of  Orchestia  palustris.  In  a 
small  number  of  specimens  of  Talorchcstia  longicornis  a  few  ciliates  of 
this  species  were  encountered.  \Ye  have  never  obtained  this  species  of 
ciliate  from  Orchestia  agilis. 
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snlciitnin  gen.  nor.,  sp.  nov.  (Fig.  1,  B).  —  This  spe- 
cies is  the  smallest  member  of  the  genus.  Jn  length  it  averages  26  p, 
the  range  being  between  24  p.  and  32/<.  The-  most  characteristic  feature 
to  be  noted  is  the  presence  of  a  deep  groove  or  sulcus  on  the  dorsal 
surface  well  toward  the  left  margin.  This  sulcus  extends  from  the  level 
of  the  cytostome  nearly  to  the  posterior  end  of  the  organism.  It  makes 
a  sharp  dip  to  the  left  near  its  distal  end. 

The  ventral  ciliated  surface  is  somewhat  restricted  in  this  species  due 
to  the  development  of  the  lateral  pellicular  folds.  The  right  fold  en- 
closes approximately  one-fifth  of  the  ventral  surface  while  the  lapel-like 
left  fold  extends  over  a  portion  of  the  endoplasmic  sphere.  The  pel- 
licular folds  are  continuous  around  the  posterior  end  in  A.  siilcatitin, 
producing  a  deep  rounded  notch  at  the  posterior  end  of  the  lapel. 

There  are  only  twelve  rows  of  cilia  in  this  species.  They  are  ar- 
ranged in  the  same  general  manner  as  those  of  the  preceding  species. 
We  have  never  been  able  to  detect  the  presence  of  a  posterior  suture, 
however,  but  this  may  be  due  to  the  obscuring  effect  of  the  pellicular 
lapel. 

The  cytostome  is  similar  in  shape  and  position  to  that  of  A.  palnstris. 
The  ciliary  membrano  are  arranged  in  the  same  order  but  the  two  pos- 
terior ones  are  more  attenuated  at  their  proximal  ends. 

The  nuclei  and  the  contractile  vaeuoles  of  A.  sulcatitin  are  similar  in 
relative  size  and  posit  inn  to  those  of  ./.  palitstris. 

Allosphcerium  sitlcaluin  is  found  regularly  but  in  small  numbers  on 
the  carapace  of  OrcJicstiu  ti</ilis  and  Orchcstia  [>ulnstris. 

Allosphccrhim  granulosum  gen.  nov.,  sp.  nov.  (  Kig.  1,  C}.  —  This 
speeies  is  characteristically  more  rotund  than  any  of  the  other  members 
of  the  genus.  When  viewed  from  the  ventral  side  its  shape  is  nearly 
oval  and  the  width  of  the  body  is  approximately  three-fifths  that  of  the 
length.  The  smooth  dorsal  surface  is  highly  vaulted,  making  this  or- 
ganism quite  thick  dorso-ventrally.  The  ciliated  portion  of  the  ventral 
surface  is  nearly  flat.  The  position  and  extent  of  the  ventral  pellicular 
folds  are  like  those  of  A.  sulcatttiu,  although  the  left  lapel  does  not  ex- 
tend f|uite  to  the  endoplasinie  sphere'. 

The  ventral  surface  possesses  seventeen  rows  of  cilia  originating  as 

IK..   1.     All  figures  are  composite'  drawings  from  living  and  stained  material, 
drawn  from  tin-  ventral  side.     X  I?1111- 

.•/.  Allosphcerium  pahistris  gen.  nov.,  sp.  nov. 
li.  Allosphcerium  sulcutum  gen.  nov.,  sp.  nov. 
C.  Allosphcerium  granulosum  gen.  nov.,  sp.  nov. 
/'.  Allosphcerium  caudattttn  gen.  nov.,  sp.  nov. 
/:.  Allosphterium  coni'cxa  gen.  nov.,  sp.  nov. 
/•'.  Cliilloilanclla  hyaliua  sp.  nov. 
(/.  Chilodonella  rotunda  sp.  nov. 
//.  Chilodonella  longipharynx  sp.  nov. 
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in  the  preceding  species.  Here  again  \ve  were  unable  to  detect  the 
presence  of  a  posterior  suture  probably  because  of  the  overfolding  lapel. 

The  cytoplasm  of  A.  graindosum  is  characteristically  filled  with  large 
granules  that  render  this  organism  semi-opaque.  These  granules  to- 
gether with  the  thickness  of  the  body  enable  the  observer  to  identify 
this  species  with  ease. 

The  nuclei,  contractile  vacuoles,  and  cytostomal  structure  are  prac- 
tically identical  with  those  of  A.  snlcatnin. 

Allosphceriuwi  grannlosuni  averages  38 /x  in  length,  the  extremes  be- 
ing between  32  ^  and  42 /x.  It  is  found  regularly  in  small  numbers  on 
the  carapace  of  Orchcstia  agilis  and  Orchcstia  pahtstris. 

AllosphcBrium  caudatiiin  gen.  nov..  sp.  nov.  (Fig.  1,  D). — This  spe- 
cies resembles  A.  palustris  in  general  body  outline.  The  ventral  surface 
is  slightly  concave  and  possesses  fourteen  rows  of  cilia.  The  dorsal 
surface  is  weakly  arched.  A  sulcus  runs  obliquely  from  near  the  center 
of  the  right  margin  to  the  left  posterior  edge  of  the  organism.  Another 
shallow  furrow  starts  at  the  level  of  the  cytostome  on  the  left  cell  border 
and  continues  posteriorly  nearly  the  length  of  the  body.  It  bends  some- 
what to  the  left  near  its  posterior  extremity.  The  bend  is  exactly  the 
reverse  of  that  noted  in  the  case  of  A.  sulcahtin. 

The  pellicular  fold  of  the  ri-lil  ventral  margin  is  narrow,  as  in  A. 
palustris,  and  is  of  similar  extent.  The  left  fold  is  quite  wide,  starting 
at  the  level  of  the  cytostome  and  extending  to  the  posterior  end.  There 
is  no  notched  appearance  in  the  left  fold,  the  border  of  which  curves 
.slightly  to  the  right  at  its  posterior  extremity. 

The  nuclei  resemble  those  of  .1.  gainst  ris  except  that  the  micro- 
nucleus  is  somewhat  larger  and  the  macronucleus  is  more  spherical  than 
ovoid.  There  is  but  one  contractile  \acnole  located  well  toward  the 
left  border  of  the  cell  and  slightly  anterior  to  the  center.  This  is  the 
only  case  so  far  encouniered  in  this  ^enns  where  there  is  a  single  con- 
tractile vacuole. 

The  cytostome  and  its  ciliary  apparatus  are  almost  identical  with 
those  of  A.  sulcatum  and  A.  granulosum. 

The  most  characteristic  feature  of  this  species  and  one  that  enables 
the  observer  to  recognize  it  with  ease  is  the  condition  of  the  posterior 
toplasm.  Across  the  posterior  end  the  ectoplasm  is  drawn  out  into 
a  shelf.  This  caudal  shelf  is  very  transparent  and  does  not  stain  with 
any  of  the  dyes.  The  posterior  cilia,  however,  are  very  long  and  extend 
under  the  shelf  so  that  in  stained  preparations  (Heidenhain's  luematoxy- 
lin)  the  shelf  resembles  a  little  fan. 

Allospharium  caudaluin  is  found  sparsely  on  the  carapace  and  gill 
lamella?  of  Orchcstia  ayilis.  We  have  never  encountered  it  on  either 


CILIATES  ASSOCIATED  WITH  AMPHIPODS  59 

of  the  other  two  amphipods  used  for  this  study.  It  averages  41  /j.  in 
length,  the  extremes  being  35  ^  to  45  //.. 

Allosphosrium  convexa  gen.  nov.,  sp.  nov.  (Fig.  1,  II). — Because  of 
its  regular  occurrence  and  abundance  on  Taloirlicstia  loiujicornis  we 
have  designated  this  as  the  type  species  of  the  genus  in  spite  of  its  small 
size. 

As  viewed  from  the  ventral  side  this  species  is  nearly  egg-shaped, 
the  narrower  end  being  the  anterior.  The  ventral  surface  is  weakly 
concave  and  is  supplied  with  seventeen  rows  of  cilia,  arranged  in  a  man- 
ner similar  to  those  of  the  preceding  species.  Both  the  right  and  par- 
ticularly the  left  ventral  pellicular  folds  are  so  narrow  that  practically 
the  whole  ventral  surface  is  exposed.  Here  the  posterior  suture  is 
clearly  visible.  It  is  an  oblique  line  running  anteriorly  and  to  the  right 
from  the  small  notch  at  the  junction  of  the  right  and  left  folds  to  the 
endoplasmic  sphere. 

The  cytostome  of  A.  coni'c.ra  is  proportionately  smaller  than  any 
of  the  other  species  and  is  in  the  form  of  a  nearly  circular  opening.  It 
is  supplied  with  the  usual  three  ciliary  membranes  closely  resembling 
those  of  A.  pal  nst  ris  as  to  shape  and  distribution. 

The  macronucleus  is  bean-shaped  and  lies  somewhat  to  the  right 
near  the  middle  of  the  body.  It  is  smaller  than  the  macronuclei  of  any 
of  the  preceding  species.  The  micronucleus  is  minute  and  occupies  a 
position  just  anterior  to  the  macronucleus. 

There  are  two  contractile  vacuoles,  the  anterior  one  in  the  usual 
position  toward  the  right  margin  of  the  cell  but  the  posterior  one  is 
found  at  about  the  mid-line  of  the  body  to  the  right  of  the  endoplasmic 
sphere. 

Allosphcerium  convcxa  averages  29  ^  in  length.  The  extremes  en- 
countered were  from  24  /x  to  36  /*.  It  is  found  in  great  abundance  on 
the  carapace  and  gill  lamellae  of  TalorcJicsfia  louyicornis.  We  have 
never  encountered  it  on  either  OrcJicstia  atj'dis  or  Orchestia  palustris. 

Chilodondla  Strand   (Chilodon  EJir.) 

Associated  with  the  various  species  of  the  genus  Allosphcerium  on 
the  carapace  of  the  three  amphipods  used  in  this  investigation  are  to 
be  found  three  species  of  the  genus  Chilodondla.  A  large  percentage 
of  the  hosts  examined  were  found  to  harbor  a  few  of  these  ciliates. 
They  are  all  sufficiently  different  from  previously  described  species  of 
the  genus,  as  far  as  we  have  been  able  to  determine  from  the  literature, 
to  warrant  short  descriptions.  For  some  time  we  were  in  doubt  as  to 
the  commensal  nature  of  these  ciliates,  thinking  they  might  represent 
vagrant  free-living  forms.  A  search  of  the  sand  and  sea  weed  failed 
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to  disclose  any  ciliates  of  like  nature,  however,  and  this  fact  together 
with  the  general  similarities  of  the  Chilodonella  and  the  Allosphcerium 
convinced  us  that  we  were  dealing  with  forms  that  normally  lived  as 
commensals  on  the  carapace  of  the  amphipod  hosts.  They  live  but  a 
short  time  in  sea  water  when  washed  free  from  their  host,  a  character- 
istic of  all  species  of  the  genus  Allosphcerium. 

Chilodonella  hyalina  sp.  nov.  (Fig.  1,  F). — This  species  is  flattened 
ventrally  and  convex  dorsally.  The  dorsal  surface  hears  a  longitudinal 
ridge  that  extends  from  near  the  anterior  end  and  curves  toward  the 
right  to  the  posterior  end.  The  lateral  margins  of  the  ciliate  are  ex- 
tended into  a  hyaline  shelf  which  reminds  one  of  the  brim  of  a  hat. 
This  shelf  extends  completely  around  the  body  except  for  a  short  space 
at  the  extreme  posterior  end.  It  is  quite  thin  and  seems  to  be  entirely 
without  visible  structure. 

The  cilia  are  confined  to  tin-  ventral  surface,  as  in  all  members  of 
this  genus.  They  are  arranged  in  twenty-three  rows.  Nine  of  these 
rows  originate  from  the  anterior  side  of  a  line  that  extends  from  the 
mouth  to  the  left  margin  of  the  ciliated  part  of  the  ventral  surface. 
These  nine  rows  pass  anteriorly  and  to  the  right,  form  an  arc  above  the 
mouth  and  then  pass  down  the  right  margin  of  the  cell  to  end  well  over 
toward  the  left  posterior  edge.  On  the  left  side  of  the  ciliated  area 
eight  rows  of  cilia  originate  from  the  posterior  side  of  the  short  trans- 
verse line.  They  pass  backward  and  bend  slightly  to  the  left.  The 
n-maiiiing  six  rows  appear  to  originate  from  the  region  of  the  mouth. 
There  is  a  sharp  line  of  demarcation  between  the  eight  rows  of  the  left 
side  and  the  rest  of  the  rows  of  the  \entral  surface.  These  two  areas 
are  separated  by  a  naked  band  that  extends  from  the  mouth  to  the 
posterior  end.  In  life  this  band  is  clearly  visible  as  a  light  streak  sep- 
arating the  ciliated  area  into  two  parts.  Along  the  line  that  extends 
from  the  mouth  transversely  to  the  left  margin  arise  a  row  of  large, 
stiff  cilia.  These  cilia  beat  much  more  leisurely  than  do  the  rest  of  tin- 
body  cilia. 

The  month  is  surrounded  bv  a  ring  of  trichites  forming  a  complete 
pharyngeal  basket.  The  basket  is  quite  short  in  this  species  and  extends 
obliquely  into  the  endoplasm.  The  trichites  taper  toward  their  inner 
en-Is  and  disappear  from  view  among  the  endoplasmie  granules.  As 
in  the  free-living  Chilodonella,  the  pharyngeal  basket  stains  deeply  with 
ha-tnatoxylin.  It  is  also  very  conspicuous  after  the  Borrcl  stain  where 
it  takes  the  acid  component  (green). 

The  1 1 :acr< 'nucleus  is  centrally  located.  It  is  oval  and  is  relatively 
large.  The  chromatin  is  evenly  dispersed  in  fine  granules  without  any 
trace  of  an  "  endosome  '"  (see  MacDougall.  l')25.  for  a  description  of 
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this  body  in  Chilodon  uncinatus  ) .  The  niiennmcleus  is  located  just  to 
the  right  of  the  pharyngeal  hasket. 

There  are  two  contractile  vacuole.s,  one  just  below  the  inicronucleus 
and  the  other  near  the  posterior  end  to  the  left  of  the  naked  hand. 

Chilodonella  hyalina  averages  40  p.  in  length.  The  extremes  are 
between  36 /A  and  47  /*.  It  is  found  exclusively  on  the  carapace  of 
Orchestia  a  gills. 

In  life  Chilodonella  hyalina  resembles  to  a  marked  degree  the  various 
species  of  the  genus  Allosphcerium  and  without  the  aid  of  the  oil  im- 
mersion lens  to  note  the  pharyngeal  basket  it  might  well  be  mistaken 
for  a  member  of  that  group. 

Chilodonella  rotunda  sp.  nov.  (Fig.  1,  6"). — The  ventral  surface  of 
this  species  is  flat  but  it  is  strongly  arched  clorsally.  In  side  view  the 
organism  resembles  a  derby  hat  with  a  very  narrow  brim,  while  from 
the  ventral  surface  it  appears  nearly  round.  The  brim  is  not  hyaline, 
as  it  is  in  the  preceding  species,  but  is  somewhat  granular. 

The  cilia  are  arranged  much  in  the  same  manner  as  those  of  C.  hya- 
lina but  the  rows  are  not  separated  into  two  groups.  There  are  twenty 
rows,  five  of  which  originate  from  the  anterior  side  of  the  transverse 
oral  line. 

The  pharyngeal  basket  is  quite  different  from  that  of  C.  hyalina.  It 
is  composed  of  trichites  that  show  distinct  thickenings  near  their  an- 
terior ends.  The  basket  itself  is  flared  out  around  the  mouth.  It  nar- 
rows rapidly  into  a  long  gullet  supported  by  the  distal  ends  of  the  trich- 
ites. The  gullet  extends  into  the  posterior  fourth  of  the  body,  curving 
sharply  to  the  left. 

The  macronucleus  is  ovoid  and  is  densely  and  homogeneously  gran- 
ular. It  always  lies  a  little  back  of  the  center  within  the  curve  of  the 
gullet.  The  micronucleus  lies  near  the  center  of  the  cell  to  the  right 
of  the  gullet. 

There  is  a  single  large  contractile  vacuole  very  near  the  midline  at 
the  posterior  end  of  the  body.  The  diastolic  period  is  quite  long. 

Chilodonella  rotunda  averages  29  p.  in  length.  The  extremes  were 
found  to  be  from  27  /j.  to  34  /*.  It  is  nearly  as  wide  as  it  is  long.  So 
far  we  have  found  it  only  on  the  carapace  of  Orchestia  agilis  and  never 
more  than  two  or  three  specimens  on  each  host  infected.  It  is  easily 
recognized  by  its  general  shape,  the  shape  of  the  pharyngeal  basket,  and 
the  dark  coloration  due  to  the  thickness  of  the  granular  endoplasm. 

Chilodonella  longipharynx  sp.  nov.  ('Fig.  1,  //). — This  is  the  smallest 
representative  of  the  holotrichous  ectocommensals  found  on  this  group 
of  amphipods.  Its  reduced  size  together  with  its  almost  crystalline 
clearness  makes  it  an  exceedingly  difficult  organism  to  study  in  life.  In 
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material  stained  in  Heidenhain's  haematoxylin  or  the  Borrel  stain,  how- 
ever, the  details  of  its  structure  can  easily  be  observed. 

The  ventral  surface  is  naked  except  for  four  rows  of  rather  long 
cilia.  These  rows  originate  anterior  to  the  transverse  oral  line  and 
describe  a  semi-circle,  up  and  along  the  left  margin,  across  the  anterior 
end,  down  the  right  margin  and  thence  left  across  the  posterior  end. 
The  cilia  that  originate  near  the  transverse  oral  line  are  quite  long  and 
relatively  thick.  As  in  C.  liyalina  they  beat  more  slowly  than  do  tin- 
rest  of  the  cilia  along  the  four  rows. 

The  mouth  is  surrounded  by  an  extremely  long  pharyngeal  basket 
which  extends  nearly  to  the  posterior  end  of  the  body.  It  is  made  up 
of  straight  trichites,  which  render  the  basket  cone-shaped.  In  haema- 
toxylin preparations  the  pharyngeal  basket  is  the  most  conspicuous 
structure  in  the  cell. 

There  are  two  contractile  vacuoles  both  lying  to  the  right  of  the 
pharyngeal  basket.  One  is  just  below  the  level  of  the  cytostome  while 
the  other  is  in  the  posterior  fifth  of  the  body. 

The  macrouucleus  is  an  elongate  oval  and  is  situated  along  the  left 
margin  of  the  cell.  In  the  majority  of  ciliates  of  this  species  examined 
there  appears  a  band,  very  similar  to  the  Kernspalt  of  numerous  hypo- 
trichous  forms,  extending  across  the  macronucleus.  The  chromatin  on 
either  side  of  the  band  is  of  distinctly  different  structure,  the  anterior 
chromatin  being  finely  granular  and  faintly  staining  while  the  posterior 
chromatin  is  made  up  of  a  coarse  reticulum  and  stains  deeply.  The 
band  itself  is  made  up  of  two  parts,  a  clear  plane  and  an  intensely 
staining  plane.  This  structure  is  obviously  bound  up  with  some  stage 
of  development  of  the  eiliate.  pn  ihably  with  binary  fission.  \Yc  have 
found  stages  where  the  band  was  very  near  to  the  anterior  end  of  the 
nucleus  and  in  all  gradations  of  position  to  about  the  posterior  sixth. 
Whether  the  band  passes  off  the  end  of  the  nucleus,  as  it  does  in  a 
number  of  hypotrichous  forms  (see  Summers,  W35),  or  not  we  cannot 
say.  Although  we  have  hundreds  of  organisms  of  this  species  stained, 
we  have  not  observed  the  actual  fate  of  the  band.  As  the  band  reaches 
about  the  halfway  point  in  the  nucleus,  a  deeply-staining  sphere  is  differ- 
entiated in  the  finely  granular  (reorganized?)  portion.  This  sphere 
increases  in  si/.c  until  its  diameter  reaches  about  one-fourth  ihe  width 
of  the  macronucleus.  We  cannot  say  what  is  the  significance  or  fate  of 
this  sphere.  \Ye  are  aware  of  no  other  species  of  Chilodonella  that 
shows  this  band,  although  it  is  identical  with  the  one  found  in  Trochilia 
( Dystcriopsis)  niinula  described  by  l\»n\  i  1''()1  )  and  Penan  1  (  1()-22) 
and  seems  to  be  similar  to  those  of  a  number  of  species  of  Chlamydodon 
described  by  Kahl  (1931). 
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The  single  micronucleus  is  very  small  and  is  always  situated  in  about 
the  center  of  the  cell  on  the  opposite  side  of  the-  pharyngcal  basket  from 
the  macronucleus. 

Chilodonclla  longipharynx  averages  19  ^  in  length,  the  extremes 
being  from  17  p.  to  21  /*.  It  is  found  most  abundantly  on  the  carapace 
of  TalorcJicsha  longicornis  and  less  frequently  on  Orchestia  palustris. 
We  have  never  encountered  it  on  Orchestia  agilis. 

DISCUSSION  OF  TAXONOMIC  AFFINITIES 

The  genus  Allosphceriuwi  obviously  belongs  to  the  sub-class  Holo- 
tricha  Stein  (Calkins,  1933)  and  by  virtue  of  the  membranes  in  the 
mouth  must  be  included  in  the  order  Hymenostomida  Hickson  (Calkins, 
1933).  But  the  allocation  to  any  of  the  established  families  of  that 
order  offers  grave  difficulties.  In  none  of  the  members  of  the  order 
so  far  described  does  there  occur  a  restriction  of  the  cilia  to  the  ventral 
surface.  It  seems  inescapable,  therefore,  that  a  new  family  should  be 
erected  for  the  reception  of  the  genus  Allosph&rium.  We  are  loath 
to  do  this  at  this  time,  however,  because  we  feel  that  the  affinities  for 
at  least  one  other  form  that  has  previously  been  described  are  too  close 
to  be  disregarded,  and  as  yet  the  existing  description  is  too  fragmentary 
to  warrant  an  analytical  comparison.  The  form  in  question  is  Lopho- 
phorina Penard  1922.  This  genus,  erected  for  the  reception  of  a  single 
species  (L.  capronata},  resembles  AllospJucriinn  in  size,  shape,  distribu- 
bution  of  cilia,  movements  and  location  on  its  host  (fresh-water  Gain- 
inarus).  Indeed  we  were  at  first  of  the  opinion  that  we  were  dealing 
with  species  of  the  same  genus  as  described  by  Penard.  But  when  it 
was  seen  that  our  forms  all  conformed  so  closely  to  a  set  pattern  which 
was  different  in  many  important  respects  from  Lophophorina  we  were 
forced  to  conclude  that  we  were  dealing  with  a  new  genus.  Penard 
(1922,  p.  96)  was  unable  to  locate  the  mouth  but  he  assumed  it  to  be 
in  the  anterior  portion  of  the  cell  near  the  long  "  tentacle."  By  this  it 
can  be  readily  seen  that  no  diagnosis  as  to  its  order  is  possible  without 
knowledge  of  so  important  a  structure  as  the  cytostome.  Still  we  feel 
that  there  is  a  possibility  that  when  Lophophorina  is  re-investigated  it 
may  be  possible  to  erect  a  family  for  the  reception  of  both  genera 
(Lophophorina  and  Allospha-rinin ) ,  in  which  case  the  family  name 
should  be,  because  of  priority,  Lophophorinidse.  For  the  present,  there- 
fore, we  wish  to  defer  the  action  of  establishing  a  new  family. 

The  previously  described  species  of  the  genus  Chilodonella  that  re- 
semble most  closely  those  found  by  us  on  the  amphipods  studied  are 
those  of  Penard  (1922).  His  Chilodonclla  (CJiilodon)  capucinus  (p. 
92)  possesses  two  contractile  vacuoles  as  do  our  C.  hyalina  and  C. 
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longipharynx.  It  has  a  spherical  macronuclcus  and  the  cilia  are  divided 
into  two  areas.  There  are  only  ten  ciliary  rows,  however,  (five  right 
and  five  left)  as  contrasted  with  the  twenty-three  rows  of  C.  livalhia. 
The  shape  of  the  macronucleus  and  the  ciliation  set  it  apart  from  C. 
longipharynx  while  the  possession  of  ten  ciliary  rows  as  opposed  to 
twenty  for  C.  rotunda  together  with  the  difference  in  contractile  vacuole 
number  sln>\v  it  to  he  distinct  from  the  latter  species.  Chilodonella 
(Chilodon)  cjraintlalns  (  Penard,  1922,  p.  95)  has  the  same  type  of  cilia- 
tion as  C.  longipharynx  but  there  are  from  five  to  seven  rows.  The 
pharyngeal  basket  is  short  and  re-curved  and  the  cell  possesses  but  one 
contractile  vacuole.  Both  C.  cafntciinis  and  C.  (jramthitns  are  ecto- 
commensal  on  A  sell  us  and  Gauunarus. 

It  should  IK-  ])(iinted  out  that  the  general  shape  of  the  holotrichous 
ectocommensals  of  both  the  amphipods  and  isopods  that  have  so  far  been 
described  is  singularly  well  adapted  for  their  environment.  They  are 
all  small  flat  forms  and  possess  ventrally  placed  thigmotactic  cilia  (Chilo- 
donella, Trochilia.  Allospharium) .  When  one  considers  the  forces, 
mainly  in  the  form  of  water  currents,  to  which  they  must  be  subjected 
and  which  would  tend  to  effect  their  removal  from  the  carapace  of  their 
various  hosts,  it  is  seen  that  the  flatness  of  their  bodies  and  the  adhesive 
powers  of  their  ventral  cilia  are  of  absolute  necessity.  Existing  under 
the  same  conditions,  it  is  perhaps  not  surprising  that  representatives  of 
two  orders  of  ciliates  exhibit  convergence  to  such  a  degree  as  to  render 
them  practically  indistinguishable  one  from  the  other  except  under  ex- 
treme magnifications. 

DIVISION  OF  Ai.i.osi'ii.-RRiuM  COXVEXA  (;KX.  NOV.,  SP.  NOV. 

Although  we  have  encountered  ca-.es  of  binary  fission  in  practically 
all  of  the  species  described  above,  we  have  been  able  to  trace  the  process 
completely  in  only  one  form.  .  illosphcerium  com'c.va.  This  species  oc- 
curs in  relatively  large  number-  and  we  have  had  an  opportunity  to 
study  many  hundreds  of  specimens.  (  )f  these  a  rather  high  percentage 
were  in  some  pha^e  of  binary  li^-ion. 

Our  observations  on  the  process  of  division  of  this  minute  ciliate 
are  confined  mainlv  to  the  behavior  of  the  macronuclear  chromaiin. 
The  cytoplasmic  structures  and  the  micnmu'-leus  are  too  small  to  permit 
us  to  follow  all  of  the  details  of  their  divisional  activity. 

The  chromatin  of  the  macronucleus  appears  as  a  dense  reticulum 
during  the  resting  period  (Fig.  2,  A).  It  stains  intensely  with  all  of 
the  nuclear  dyes.  With  the  Feulgen  nuclei-acid  reaction  the  reticulum 
appears  to  enclose  many  vacuole-like  spaces  of  varying  sizes. 

The  first  sign  of  fission  is  to  be  seen  in  the  peculiar  activity  of  the 
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central  portion  of  the  macronuclear  chromatin.  A  core  of  chromatin 
forms  in  the  center  of  the  nucleus,  becomes  very  finely  granular,  and 
loses,  to  some  extent,  its  affinity  for  basic  dves.  A  clear  zone  surrounds 
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FIG.  2.  All  figures  are  of  Allosphccrium  convc.va  during  binary  fission.  The 
figures  represent  optical  sections  of  stained  organisms  drawn  with  the  aid  of  the 
camera  lucida.  X  990. 

A.  Resting    stage.     The    macronuclear    chromatin    in    the    form    of    a    coarse 
reticulum.     Schaudinn-Feulgen. 

B.  Formation  of  the  central  chromatin  ball.     The  shell  of  reticular  chromatin 
is  shown  only  at  the  edges  in  this  optical  section.     Flemming-Heidenhain. 

C.  Contraction  of  central  ball.     Note  the  concentration  of  reticular  chromatin 
at  poles.     Schaudinn-Feulgen. 

D.  Elongation    of    macronucleus.     Daughter    micmnuclei    below    the    level    of 
focus.     Flemming-Heidenhain. 

E.  Constriction  stage.     Most  of  the  rt-ticular  chromatin  in  bands  near  the  di- 
vision plane.     Flemming-Heidenhain. 

F.  Later  stage.     The  central  ball  has  become  loosened  and  spread  out  between 
the  future  daughter  macronuclei.     Schaudinn-Feulgen. 

G.  Separation  stage.     Schaudinn-Feulgen. 

H.  Macronuclear  division  completed.  The  central  ball  is  cast  into  the  cyto- 
plasm, in  this  case,  of  the  anterior  daughter.  Schaudinn-Feulgen. 

it,  separating  it  from  the  shell  of  unchanged  reticular  chromatin  (Fig. 
2,  B).  At  this  time  the  activity  of  the  micronucleus  is  evidenced  by 
an  increase  in  size  and  by  dispersal  of  its  chromatin  as  fine  granules. 
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The  central  core  of  the  macronucleus  gradually  contracts  and  he- 
comes  hasophilic,  ultimately  forming  a  small  sphere  in  the  center  (if  a 
relatively  clear  region.  In  the  meantime  the  reticulate  shell  clumps 
into  large  chromatin  masses,  with  the  major  portion  passing  to  each  pole 
as  the  nucleus  elongates  (Fig.  2,  C).  As  elongation  proceeds  the  mid- 
region,  with  the  exception  of  the  central  sphere,  becomes  clear  and 
nearly  free  from  chromatin.  Slightly  later  the  chromatin  of  the  re- 
ticulum  is  found  massed  at  the  two  poles,  connected,  however,  by  nu- 
merous fine  strands  that  pass  around  the  clear  mid-region  (Fig.  2.  /)). 

As  the  macronucleus  begins  to  constrict,  the  entire  chromatin  content 
behaves  in  an  unusual  manner.  Most  of  the  "active"  chromatin  forms 
long,  thread-like  bodies  and  migrates  toward  the  division  plane,  leaving, 
however,  two  small  polar  caps.  On  either  side  of  the  division  plane  the 
thread-like  bodies  form  t\vo  plates,  resembling  chromosomes  in  the 
anaphase  (Figs.  2.  /:  and  T7).  Their  appearance  is  never  regular,  how- 
ever, and  we  would  certainly  hesitate  to  call  these  bodies  macmnuclear 
chromosomes.  The  chromatin  of  the  central  ball  loses  its  compactness 
and  spreads  out  across  the  division  plane.  It  is  always  quite  definite 
and  stains  clearly  after  the  Feiil^en  reaction  as  well  as  with  the  basic 
elves  (Fig.  2.  /•").  Further  constriction  results  in  a  second  contraction 
of  this  "  waste  "  chromatin  to  form  the  residual  ball.  The  chromosome- 
like  bodies  of  the  daughter  macronuclei  become  very  irregular  and  more 
or  less  fusion  of  these  bodies  with  the  chromatin  of  the  polar  caps  ensues 
(Fig.  2.  C}.  As  the  daughter  macronuclei  separate,  the  residual  ball 
of  chromatin  is  cast  into  the  cytoplasm  (Fig.  2.  //  )  where  it  decrea-r-, 
in  size  and  is  finally  absorbed.  The  chromatin  of  the  daughter  macro- 
nuclei  gradually  a^unics  the  structure  of  the  resting  reticulum  as  re- 
organization proceeds.  Plasmotomy  proceeds  to  completion  and  tin- 
daughter  ciliates  separate. 

Tt  may  be  well  to  mention  the  appearance  of  the  endoplasmic  sphere 
during  cell  fission.  Then-  is  apparently  no  division  of  the  sphere  since 
it  may  be  identified  in  its  original  position  during  all  division  phases. 
Tt  floes  not  change  appreciably  in  sixe  or  staining  capacity.  Tin-  new 
endoplasmic  sphere  of  the  anterior  daughter  seems  to  arise  dc  noi'o  just 
anterior  to  the  plane  of  fission.  It  may  be  seen  first  as  a  faintly  staining 
area  (after  Heidcnhain's  hrematoxylin)  which  gradually  contracts  into 
a  sphere.  This  would  lead  one  to  believe  that  the  endoplasmic  sphere 
is  a  metaplastid  representing  some  product  of  metabolism.  At  least 
it  does  not  appear  to  be  a  self -perpetuating  structure. 
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DISCUSSION  OF  DIVISION 

In  the  light  of  a  number  of  recent  reports  the  extrusion  or  elimina- 
tion of  chromatin  or  chromatin-like  materials  from  the  macronucleus 
during  binary  fission  is  not  particularly  unusual.  This  phenomenon 
occurs  in  a  number  of  holotrichous  ciliates,  e.g.,  Lo.rocephalus  (Behreml. 
1916)  ;  Eitpotcrion  (MacLennan  and  Connell,  1931)  ;  Kiddcria  (Con- 
chophthirhis}  (Kidder,  1933a)  ;  Ancistnwia  (Kidder,  1933/0  ;  IdiUiy- 
ophihirius  (Haas,  1933);  CoticIiopJilltiritts  (Kidder.  1934/0;  Vro- 
ccnfnun,  Colpidium,  and  Glaucoma  (Kidder  and  Diller,  1934).  One 
case  that  shows  striking  similarities  to  that  of  Allospharium  convexa  is 
that  described  by  Rossolimo  and  Jakimowitsch  (1929)  in  the  division  of 
Myxophyllum  (Raabe,  1934/0.  This  ciliate  was  known  until  recently  as 
Conchophthirius  stccnstrnpii  and  possesses  seven  macronuclei  in  the 
normal  vegetative  stage.  During  division  each  of  the  macronuclei,  in 
addition  to  casting  out  a  part  of  the  chromatin  substance,  is  described 
as  undergoing  a  type  of  mitosis.  Most  of  the  chromatin  takes  the  form 
of  two  groups  similar  to  the  chromosomes  of  a  metazoan  during  the 
anaphase.  There  are  also  two  polar  caps  of  chromatin.  We  have 
found  a  number  of  instances  in  Allosphcerium  comrxa  which  nearly 
duplicate  the  condition  in  Myxophyllum.  With  such  figures  at  hand 
one  is  tempted  to  draw  analogies  with  true  mitosis. 

SUMMARY 

1.  Three  species  of  the  amphipod  family  Orchestiidse  were  investi- 
gated for  ectocommensals.     These  forms  are  Talorchestla  longicornis 
(Say),   Orchcstia  agilis  Smith,  and   Orchestia  palustris  Smith.     The 
material  was  collected  in  the  vicinity  of  Woods  Hole,  Massachusetts. 

2.  The  stomatous,  holotrichous  ciliates  that  live  as  ectocommensals 
on  the  amphipods  studied  belong  to  two  genera:  Allosphcerium  gen  nov.. 
of  which  there  are  five  species,  and  Chilodonella  .Strand,  of  which  there 
are  three  new  species. 

3.  All  species  of  ciliates  are  well  adapted  to  their  environment,  be- 
ing small  and  flat  and  possessing  ventrally  placed  thigmotactic  cilia. 

4.  The  binary  fission  of  one  species    (Allosphcerium  convexa  gen. 
nov.,  sp.  nov.)  is  described.     A  ball  of  chomatin  is  differentiated  in  the 
macronucleus  and  extruded  into  the  cytoplasm  just  prior  to  cell  fission. 
Most  of  the  macronuclear  chromatin  takes  the  form  of  long  chromo- 
some-like bodies  during  division,  duplicating  to  a  fair  degree  the  condi- 
tion found  in  Myxophyllum. 
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HYDROGEN-ION  CONCENTRATION  AND  THE  RHYTHMIC 

ACTIVITY  OF  THE  NERVE  CELLS  IN  THE  GANGLION 

OF  THE  LIMULUS  HEART 

IPING  CH  \<> 

(Prom  the  Marine  Biological  Laboratory,   ll'oods   Hole,  anil  the  Department  of 

Physiology,  University  of  Chicago) 

The  influence  of  the  hydrogen-ion  concentration  on  the  rhythmic 
activity  of  the  nerve  cells  in  the  respiratory  center  of  the  vertebrates 
has  been  much  discussed  (Gesell,  1925).  Another  form  of  rhythmic 
activity  of  nerve  cells  is  represented  by  the  regular  nervous  impulse 
originating  in  the  ganglion  of  the  Limulns  heart,  and  the  influence  of 
hydrogen-ion  concentration  on  these  nerve  cells  can  be  studied  with 
great  convenience.  In  1906  Carlson  made  a  preliminary  study  of  the 
action  of  acids  and  alkalies  on  the  ganglionic  rhythm.  He  observed  that 
addition  of  1  part  of  a  0.6  N  NaOH  or  KOH  to  100  parts  of  sea  water 
or  plasma  had  a  stimulating  effect  on  the  rate  and  strength  of  the 
nervous  discharge  from  the  ganglion.  A  main  factor  in  this  effect, 
however,  appears  to  be  the  removal  of  the  Mg-ion  as  Mg(OH)2,  the 
precipitation  of  which  is  readily  seen  in  such  an  alkaline  medium.  Carl- 
son also  pointed  out  the  difference  between  the  action  of  strong  bases 
like  KOH  and  NaOH  and  weak  bases  like  NH4OH.  No  such  differ- 
ence, however,  was  observed  with  strong  and  weak  acids,  including 
HC1,  H2SO4,  oxalic,  citric,  acetic,  tartaric,  malic  and  formic  acids.  All 
these  acids  produce  a  primary  increase  in  amplitude  and  frequency  of 
the  heart  beat,  followed  by  cessation  of  the  rhythm  (Carlson,  1906). 
Carbonic  acid  apparently  acts  in  a  different  way,  for  Newman  (1906) 
observed  a  primary  increase  in  the  amplitude  of  the  heart  beat,  asso- 
ciated with  a  marked  decrease  in  frequency,  when  CXX  was  bubbled 
through  the  sea  water  surrounding  the  ganglion.  More  recently,  Asher 
and  Garrey  ( 1930)  have  repeated  Newman's  work ;  they  found  that 
CO2  often  had  little  effect  on  the  ganglion  for  some  time,  then  quite 
suddenly  the  contractions  became  seriously  impaired.  No  particular 
attention  was  paid  to  the  influence  of  hydrogen-ion  concentration  as 
such  in  these  earlier  experiments.  Variation  of  either  the  undissociated 
acid  or  the  hydrogen-ion  concentration  in  the  medium  (or  of  both) 
might  conceivably  be  factors  in  the  quantitative  differences  just  referred 
to.  Accordingly  it  seemed  desirable  to  repeat  some  of  these  observa- 
tions and  to  study  further  the  relation  of  the  hydrogen-ion  concentration 
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to  the  rhythmic  actiyity  of  the  ganglion  in  solutions  of  strong  and  weak 
acids  and  bases. 

The  experiments  to  be  described  were  all  carried  out  on  the  ganglion 
of  the  Linntlus  heart.  The  ganglion  was  isolated  posteriorly,  while  re- 
maining in  connection  anteriorly  with  two  segments  of  the  heart  muscu- 
lature. The  muscle  was  kept  immersed  in  sea  water  and  the  contrac- 
tions were  recorded  graphically.  Test  solutions  were  applied  to  the 
ganglion  alone,  and  the  hydrogen-ion  concentrations  were  determined 
colorimetrically. 

j 

In  the  study  of  the  influence  of  the  hydrogen-ion  concentration,  two 
kinds  of  effects  should  be  distinguished  :  ( 1 )  the  action  of  the  hydrogen- 
ion  in  the  medium  as  such,  and  (2)  the  secondary  effect  of  other  ions 
or  molecules  introduced  with  the  acid  or  base.  For  the  simple  effect  of 
the  hydrogen-ion  concentration  as  such,  both  strong  mineral  acid  and 
base  (e.g.,  HC1  and  NaOH)  and  buffer  solutions  were  used.  The  ef- 
fects of  weak  acid  and  base  were  also  studied  to  bring  out  the  difference 
between  the  penetrating  and  the  non-penetrating  substances. 

THE  ACTION  OF  ACIDS 

The  automatic  rhythm  of  the  ganglion  is  not  very  responsive  to 
changes  of  hydrogen-ion  concentration  as  such.  Addition  of  HC1  to 
the  unbuffered  Ringer's  solution 1  (Chao,  1933)  produces  no  well- 
marked  change  on  the  ganglion  until  the  acid  reaches  a  more  or  less 
toxic  concentration  of  about  N/1,000  HC1.  At  this  concentration  the 
rate  of  the  nervous  discharge  is  accelerated  considerably;  the  intensity 
of  the  discharge  (as  measured  by  amplitude  of  contraction)  may  be 
slightly  increased  at  first  but  rapidly  diminishes;  and  the  rhythm  be- 
comes irregular,  showing  definite  symptoms  of  injury.  Experiments 
with  Ringer's  solution  buffered  with  primary  and  secondary  Xa- 
phosphate  (3  millimols  PO4  per  liter)  at  pH  5.4  also  showed  no  marked 
effect. 

When  CCX  is  bubbled  through  the  Ringer's  solution  or  sea  water, 
the  reaction  of  the  solution  becomes  distinctly  acid,  but  the  effect  on 
tin-  ganglion  is  entirely  different  from  that  produced  by  HC1.  As 
described  by  Newman  (1906),  the  amplitude  of  the  heart-beat  may 
slightly  increase  at  first ;  later  it  de-creases  with  decreasing  frequency 
of  the  nervous  discharge.  The  degree  of  these  changes  appears  to 
depend  more  upon  the  concentration  of  tin-  undissociated  carbonic  acid 
molecules  than  upon  the  acid  reaction.  Thus,  the  average  rate  of  the 
nervous  discharge  in  10  minutes  for  two  experiments  is  -  14  per  cent 

1  The  unbuffered  Ringer's  solution,  containing  445  millimols  NaCl,  8.9  milli- 
mols KC1,  and  37  millimols  CaCl2  in  a  liter,  is  slightly  alkaline  in  reaction  like 
the  sea  water  (pH  about  8.2),  due  to  traces  of  Ca(OH)3  in  the  CaCU. 
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at  pH  6.2  and  -38  per  cent  at  pH  5.7  as  compared  with  the  normal 
rate  in  sea  water  (pH  8.2).  At  pH  5.2  (at  which  sea  water  is  prac- 
tically saturated  with  CCX)  the  rhythmic  activity  is  inhibited  in  about 
5  minutes  (average  of  7  experiments).  The  same  pH  (5.2)  can  he 
obtained  by  addition  of  about  2  millimols  MCI  to  a  liter  of  sea  water, 
but  this  solution  produces  a  slight  increase  in  rate ;  the  average  rate  in 
10  minutes  for  two  experiments  is  increased  by  10  per  cent  as  compared 
with  the  normal  rate  in  sea  water.2  When  the  pH  is  decreased  to  4.0 
by  addition  of  more  HC1,  the  average  rate  in  10  minutes  is  increased 
by  17  per  cent  (average  of  4  experiments).  Further  addition  of  HC1 
(3  millimols  per  liter  sea  water)  may  increase  the  rate  50  per  cent  or 
more,  often  followed  by  serious  impairment  of  the  rhythmicity.  These 
experiments  indicate  clearly  that  the  external  hydrogen-ion  concentra- 
tion is  not  the  determining  factor  in  the  action  of  the  CO2-saturated 
solution.  The  action  of  this  medium  must  apparently  be  attributed  to 
the  undissociated  carbonic  acid  molecules  which  are  known  to  penetrate 
living  cells  with  great  readiness. 

Acetate  buffer  (10  millimols  acetate  per  liter)  dissolved  in  sea  water 
or  Ringer's  solution  produces  the  same  general  effect  but  appears  to 
be  less  effective  than  the  CO2-saturated  solutions  at  the  same  pH.  Thus 
at  pH  5.2,  the  CCX-saturated  sea  water  inhibits  the  rhythm  in  about  5 
minutes  on  the  average,  but  the  acetate-buffered  sea  water  produces 
only  a  decrease  of  24  per  cent  of  the  average  rate  in  10  minutes  (aver- 
age of  two  experiments).3  The  concentrations  of  acetic  acid  and  car- 
bonic acid  in  the  acetate-buffered  and  CCX-saturated  sea  water  respec- 
tively are,  however,  not  the  same ;  that  of  carbonic  acid  being  much  the 
higher.  The  difference  in  the  concentration  of  the  undissociated  acid 
molecules  may  account  for  this  quantitative  difference  in  action.  Fur- 
ther experiments  were  performed  in  which  different  dilutions  of  acetate 
buffer  were  used  at  approximately  the  same  pH ;  these  showed  clearly 
that  the  effect  on  the  rhythm  increases  with  increase  in  the  concentration 
of  acetate  buffer. 

THE  ACTION  OF  ALKALIES 

Experiments  with  alkali  in  sea  water  can  be  performed  within  a 
rather  narrow  range  of  pH  only,  for  Mg,  which  is  present  in  high 
concentration  (up  to  53  millimols  per  liter)  is  precipitated  at  Mg(OH), 
near  pH  10.  Many  calcium  salts  (e.g.,  carbonate  and  phosphate)  are 
also  very  slightly  soluble  in  alkaline  solution.  Most  of  the  experiments 

2  Lactic  acid  acts  like  HC1  in  causing  a  primary  increase  in  rate  followed  by 
decline  and  irregularity  of  beat,  but  is  less  effective. 

3  Acetate-buffered  sea  water  can  also  inhibit  the  ganglionic  rhythm  but  at  a 
lower  pH  ;   the  rhythm  is  inhibited  in  about  3  minutes  at  pH  4.4   (average  of  5 
experiments). 
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on  the  action  of  alkalies  were  performed  by  adding  the  alkali  to  the 
simple  Ringer's  solution  which  does  not  contain  any  Mg-ion. 

The  pure  effect  of  OH-ions  as  such  can  he  demonstrated  by  adding 
XaOH  to  the  Ringer's  solution.  Xo  well-marked  effect  is  seen  until 
the  concentration  of  XaOH  reaches  N/1,000  or  more.4  Tn  a  Ringer's 
solution  containing  X/ 1.000  XaOIl.  there  is  either  no  change  in  fre- 
quency and  amplitude  or  a  slight  decrease  in  frequency  with  a  slight 
increase  in  amplitude.  As  alkalinity  is  still  further  increased,  the  de- 
crease in  frequency  becomes  more  pronounced,  the  rhythm  becomes 
irregular,  and  definite  symptoms  of  injury  appear. 

Similar  experiments  were  performed  with  XH4OH  to  furnish  a 
comparison  between  strong  and  weak  alkalies.  As  described  by  Carl- 
son (1906),  addition  of  1  part  of  a  0.6  X  XaOH  solution  to  4,000  parts 
of  sea  water  or  plasma  produces  a  rapid  decrease  in  the  intensity  of 
the  nervous  discharge  with  a  slight  acceleration  of  rate.  The  same  ef- 
fect is  obtained  with  XI1,()II  in  the  Ringer's  solution;  with  a  some- 
what higher  concentration  of  XH4OH  (1  millimol  per  liter)  the  rhyth- 
mic activity  is  rapidly  inhibited,  often  to  complete  cessation  of  rhythm. 
This  inhibition  is  temporary.  If  the  ganglion  is  allowed  to  remain  in 
the  solution  containing  XH4OH,  a  gradual  recover)'  follows;  both  the 
rate  and  the  amplitude  begin  to  increase  and  may  finally  attain  a  level 
well  above  the  initial  condition.  The  temporarv  inhibitory  action  of 
XH4OH  resembles  the  paradox  phenomenon  shown  under  certain  con- 
ditions in  the  ganglion  (Chao,  1934).  The  effect,  however,  is  not  due 
to  the  OH-ion,  for  it  cannot  be  produced  simply  by  adding  sufficient 
XaOH  to  inhibit  the  rhythm  completely.  Xor  can  it  be  referred  to  the 
action  of  the  XIT,-ion,  for  XH4C1  has  an  entirely  different  effect  on  the 
ganglion.  The  addition  of  5  millimols  X !!,('!  in  a  liter  of  Ringer's 
solution  or  sea  water  causes  a  definite  increase  in  the  frequency  of  the 
nervous  discharge-"'  (cf.  also  Carlson,  1906).  Apparently  the  peculiar 
behavior  of  XH4OH  is  to  be  attributed  to  the  specific  action  of  the  un- 
dissociated  molecules  of  X  I  I ,(  Ml.  These  penetrate  living  cells  readilv, 
in  contrast  to  the  lack  of  penetration  or  slow  penetration  of  strong 
alkalies  in  dilute  solution. 

In    general,   the   results   described    in    these   experiments   bring   out 

•'  Ringer's  solution  buffered  with  boric  acid  and  NaOH  (2.5  millimols  borate 
per  liter)  at  pH  9.4  has  no  marked  effect  on  the  ganglion. 

r'NH4Cl  is  slightly  hydrolyzed  so  as  to  make  the  solution  more  acid.  How- 
ever, the  slight  stimulating  action  of  NHiCl  is  not  an  effect  of  the  acid  reaction, 
for  the  solution  can  be  kept  alkaline  by  addition  of  a  small  amount  of  NH,()II 
and  yet  produces  the  same  effect  on  the  ganglion;  e.g.,  the  addition  of  0.2  millimol 
NH4OH  together  with  5  millimols  NHiC'l  to  a  liter  of  Ringer's  solution  (pH  9.2) 
still  increases  the  rate.  The  action  of  NH«-ion  is,  in  fact,  more  like  that  of  K-ion 
(Chao,  1933). 
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clearly  the  difference  between  the  respective  influences  of  weak  and 
strong  acids  and  alkalies  on  the  ganglionic  rhythm.  The  characteristic 
effects  of  HC1  and  NaOH  on  the  rhythm  are  to  he  referred  to  simple 
changes  of  pH  in  the  external  medium;  while  in  the  case  of  weak  acids 
(like  acetic  and  carbonic  acids)  or  weak  bases  (like  NH4OH)  not  only 
are  their  physiological  effects  different  from  those  of  strong  acid  and 
strong  base,  but  their  mode  of  action  indicates  the  presence  of  special 
factors,  connected  apparently  with  the  penetration  of  the  undissociated 
molecules  into  the  cell  interior.6 

SUMMARY 

The  automatic  rhythmic  activity  of  the  nerve  cells  in  the  ganglion 
of  the  Limulus  heart  is  relatively  resistant  to  changes  in  pH  in  the 
external  medium  as  such.  Experiments  with  strong  acid  and  base 
indicate  that  no  well-marked  physiological  effect  is  seen  until  toxic  con- 
centrations are  approached.  Thus  H-ion  (N/1,000  HC1)  produces  a 
rapid  irregular  rhythm  with  decreasing  amplitude  of  contraction  fol- 
lowed by  cessation  of  heart-beat,  while  OH-ion  (N/1,000  NaOH)  has 
an  inhibitory  effect.  Weak  penetrating  acids  (e.g.,  carbonic  and  acetic 
acids)  inhibit  the  rhythm  with  primary  increase  in  intensity  of  the  ner- 
vous discharge,  while  the  action  of  NH4OH  is  characterized  by  a  period 
of  temporary  inhibition.  The  contrast  is  to  be  related  to  the  character- 
istic difference  in  the  readiness  of  penetration  of  the  undissociated  mole- 
cules and  the  ions  into  living  cells. 

The  author  wishes  to  thank  Dr.  R.  S.  Lillie  for  much  help  and 
advice. 
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THE  ANURA 

ROBERTS  RUGH 
(From  the  Marine  Biological  Laboratory,  Woods  Hole,  Mass.} 

Since  the  original  work  by  Wolf  (1029),  ovulation  has  been  success- 
fully induced  by  anterior  pituitary  treatment  in  sixteen  species  of  Anura 
and  four  species  of  the  Urodela  (Rugh,  1935).  It  is  the  purpose  of 
this  paper  to  present  data  on  anterior  pituitary-induced  sexual  reaction  - 
during  the  summer  months.  As  a  result  of  these  observations  it  is  now 
possible  to  say  that  anuran  eggs  and  tadpoles  are  available  at  all  seasons. 

MATKRIAI,  AND  Mi/rnon 

The  material  used  was  the  five  species  of  Anura  available  in  the 
Woods  Hole  region  and  quite  generally  in  the  eastern  part  of  the 
United  States.  The  forms  were : 

1.  Rana  clainitans  (Latreille),  the  tureen  frog.     The  normal  breed- 
ing season  starts  about  the  first  of  June  and  continues  to  about  the  mid- 
dle of  August.     Forms  caught  (hiring  June  and  July  which  still  have 
their  eggs  may  be  kept  in  the  cold  room  for  several  weeks  before  in- 
ducing ovulation  or  amplexus.      Very   few  of  the  green   frogs  caught 
after  the  first  of  August  will  still  have  their  eggs.     These  eggs  cannot 
readily  be  distinguished  from  those  of  Rana  pipicns.     A  single  female 
will  give  more  than  2,000  eggs  during  a  single  season. 

2.  Rana  catcsbiana  (Shaw),  the  bullfrog.     Females  of  this  species 
with  body  length  up  to  120  mm.  may  show  rudimentary  ovaries  but  the 
immature  eggs  lack  pigment  and  cannot  be  released  from  their  follicles. 
These  immature  females  will  also  lack   the  secondary  sexual  character 
of  coelomic  cilia.     Females  with  body  length  in  excess  of  130  mm.  may 
be  suspected  of  having  mature  gonads  and  hence  would  he  susceptible 
to  anterior  pituitary-induced  ovulation.     The  normal  breeding  season  is 
June  and  July,  a  single  female  giving  upwards  of  5,000  eggs.     Females 
which  lay  their  eggs  early  in  the  season  will  build  up  another  set  of  eggs 
by  the  end  of  August,  making  the  frogs  susceptible  to  a  second  induced 
ovulation  during  a  single  year.     This  may  be  due  in  part  to  the  fact  that 
the  bullfrog  is  a  ravenous  eater,  devouring  everything  from  insects  and 
Crustacea  to  small  frogs  and  turtles.     Natural  ovulation  conies  just  be- 
fore the  most  prolific  eating  period  and  the  recently  emptied  ovaries 
immediately  start  to  build  up  the  eggs  for  the  following  season. 
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3.  Rana  pipicns  (Schreiber),  the  leopard  frog.     The  breeding  sea- 
son of  this  species  depends  upon  the  latitude  and  ranges  from  the  first 
of  April  to  the  middle  of  May,  more  than  3,000  eggs  being  layed  by 
a  single  female.     Possibly  because  these  frogs  are  not  such  ravenous 
eaters  as  the  bullfrogs,  a  second  batch  of  eggs  is  not  available  until 
the  last  of  August  or  the  first  of  September. 

4.  Rana  paliistris  (Le  Conte),  the  pickerel  frog.     The  breeding  sea- 
son of  this  species  runs  parallel  with  that  of  Rana  pipicns  (April  15- 
May  15)  and  a  single  female  may  lay  upwards  of  2,000  eggs.     While 
the  eggs  are  the  same  size  as  those  of  Ran  a  pipicns,  they  are  bright  yel- 
low or  brown  in  color. 

5.  Bufo  fozvleri  (Hinckley),  Fowler's  toad.     This  species  has  been 
accorded  wide  distribution  probably  because  it  is  so  easily  confused  with 
B.  amcricamis.     It  is  found  in  great  and  concentrated  numbers  near  the 
Coast  Guard  Station  on  Cuttyhunk  Island,  Mass.     It  requires  very  little 
water  and  is  sometimes  found  buried  several  inches  in  the  hot  sand  or 
hopping  rapidly  through  the  grass  and  weeds  of  the  semi-marshy  region. 
The  males  are  distinguished  from  the  females  by  the  black  chin.     The 
breeding  season  is  very  long,  from  about  the  middle  of  April  to  the  mid- 
dle of  August  and  occasionally  as  many  as  6,000  or  even  8,000  eggs  are 
laid  by  a  single  female. 

These  Anura  were  collected  in  their  respective  habitats  and  were 
used  within  a  few  days  after  they  were  brought  to  the  laboratory.  In 
general  the  method  used  for  inducing  ovulation  was  similar  to  that  re- 
cently described  (Rugh,  1934),  namely  by  the  injection1  of  fresh  ami- 
ran  anterior  pituitary  directly  into  the  abdominal  cavity.  The  mam- 
malian extracts  used  (whole  sheep  pituitary  and  antuitrin-S  from 
pregnancy  urine)  were  supplied  through  the  courtesy  of  the  Parke, 
Davis  &  Co. 

EXPERIMENTAL  DATA 

More  than  150  frogs  and  200  toads  of  the  various  species  were  used 
in  the  experiments  tabulated  below.  With  one  exception,  each  tabula- 
tion represents  an  experiment  repeated  successfully  at  least  four  times. 
That  single  exception  was  induced  ovulation  in  Rana  catesbiana  by  using 
antuitrin-S  where  a  single  case  (the  only  one  tried)  reacted  favorably. 
A  single  male  of  the  same  species  reacted  to  400  rat  units  of  antuitrin-S 
by  attempting  amplexus  with  a  female  bullfrog.  Additional  frogs  were 
not  available  at  the  time  to  repeat  and  confirm  these  observations. 

Attempts  were  made  to  induce  inter-generic  amplexus,  using  Bufo 
fmvleri  and  the  various  species  of  Rana.  Rana  pipicns  and  Rana  palus- 

1  The  anterior  pituitary  is  not  broken  up  hut  is  injected  whole  through  a  large 
hypodermic,  heing  suspended  either  in  distilled  water  or  10  per  cent  alcohol. 
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tns  were  not  susceptible  to  sexual  stimulation  during  the  summer  period 
but  their  pituitaries  were  used  to  successfully  induce  sexual  reactions  in 
other  Anura.  It  was  also  found  impossible  to  induce  males  of  R. 
clamitans  and  R.  catcsblana  to  attempt  amplexus  with  any  other  than 
their  own  species.  It  has  been  common  experience  that  male  frogs 
show  a  great  deal  more  discrimination  in  their  sexual  reactions  than  do 
the  male  toads. 

Toads  react  very  quickly  to  sexual  stimukition,  and  contrary  to  the 
situation  among  the  frogs,  they  are  readily  susceptible1  to  mammalian 
extracts  of  the  anterior  pituitary  hormone.  Not  only  will  the  female 
ovulate  with  antuitrin-S  or  whole  sheep  extract  but  the  male  will  react 
to  these  or  to  any  anuran  anterior  pituitary  by  attempting  amplexus  with 
almost  any  object  that  comes  within  its  range. 

If  a  male  toad  is  injected  with  two  male  toad  anterior  pituitaries, 
and  a  female  with  two  female  pituitaries,  amplexus  will  be  induced 
within  20  hours  and  often  within  4  hours.  Such  amplexus  will  be 
maintained  until  the  eggs  are  released  through  the  cloaca,  and  this  has 
been  found  to  be  the  best  method  by  which  to  secure  developing  toad 
eggs.  (Photo  1.)  If  whole  sheep  extract  (1  cc.)  is  injected  into  a 
male  toad  and  no  females  are  available  (either  toads  or  frogs),  am- 
plexus will  be  induced  within  9  hours  between  male  and  male.  (Photo 
2.)  If  a  male  toad  is  injected  with  0.5-1.00  cc.  of  antuitrin-S  and  is 
placed  alone  with  a  female  frog  (R.  clamitans,  I\.  pipiois,  or  R.  palits- 
tris)  amplexus  will  be  attempted  within  6  hours  and  often  will  be  suc- 
cessfully maintained  for  a  period  of  several  days.  In  one  case  only  a 
male  toad  attempted  amplrxus  with  a  female  bullfrog.  R.  catesbiana. 
These  cases  of  inter-generic  amplexus  always  show  the-  male  toad  in 
rather  an  abnormal  position.  This  is  to  be  expected  because  of  the 
relative  sizes  of  the  frog  and  toad  and  the  very  slippery  nature  of  the 
frog  skin.  Usually  the  toad  secures  a  pectoral  grip  (Photo  3)  but 
occasionally  a  pelvic  grip  ('Photo  4)  is  secured  and  is  found  to  he  more 
firm  and  permanent. 

Inter-generic  amplexus  has  not  thus  far  resulted  in  successful  cross- 
fertilization.  Undoubtedly  the  male  in  amplexus  emits  spermatozoa 
but  numerous  unsuccessful  attempts  at  artificial  cross-insemination  point 
toward  more  complex  factors  which  prevent  this  situation.  Thus  far 
the  only  successful  crosses  have  been  between  Rana  piilitstris  eggs  and 
Rana  pipicns  sperm,  in  which  case  the  tadpoles  were  kept  for  thirty 
clays.  Further  investigation  in  this  direction  is  in  progress. 

DISCUSSION 

It  is  quite  evident  that  the  sex-stimulating  factor  of  the  anterior 
pituitary  is  neither  sex  nor  species  specific  since  mammalian  extracts 
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can  be  used  to  induce  either  ovulation  or  amplcxus  in  the  Anura.  The 
frogs,  and  to  some  extent  the  toads,  usually  show  convulsive  reactions 
following  the  injection  of  these  mammalian  extracts  hut  this  may  he 
due  to  the  phenol  preservative,  or  the  tricresol  or  other  substances  used 


. 


1.  Bufo  foivlcri,  male  and  female  in  normal  amplexus  resulting  from  the  in- 
jection of  standard  dose  of  B.  fowlcri  anterior  pituitary  hormone.     Eggs  laved  in 
20  hours,  fertilized. 

2.  Male  B.  foivlcn,  injected  with  1  cc.   of  extract  of  whole  sheep  pituitary 
shown  in  amplexus  with  an  uninjected  male.     Amplexus  achieved  within  9  hours 
and  maintained  for  more  than  24  hours.     Note  black  chin  of  ventral  male. 

3.  Pectoral  grip  of  male  toad    (B.  foivlcri)    in  amplexus  with   female  green 
frog   (R.  clamitans)   induced  by  injecting  the  toad  with  1  cc.   (100  rat  units)   of 
antuitrin-S    from    pregnancy    urine    (human).     Female    not    injected.     Amplexus 
maintained  for  8-10  hours. 

4.  Pelvic  grip  of  male  toad  (B.  fon'lcri)  in  amplexus  with  female  green  frog 
(R.  clanritans)    induced  by  the  injection  of   antuitrin-S  as  in  Case   No.  3.     This 
grip  is  the  more  permanent,  one  pair  maintaining  amplexus  for  three  days. 

(Note:   These  photographs  were  taken  by  a  Leica  Camera  with  the  aid  of 
Mr.  E.  P.  Little  of  the  staff  of  the  Marine  Biological  Laboratory.) 

in  extraction  rather  than  to  the  anterior  pituitary  hormone  from  the 
mammal.  As  soon  as  the  male  overcomes  these  convulsive  reactions 
it  attempts  amplexus.  Further  investigation  should  be  directed  along 
the  line  of  extraction  technique  so  that  the  pure  and  concentrated  hor- 
mone may  be  available  without  any  harmful  by-products.  When  such 
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an  extract  is  available,  it  is  entirely  possible  that  the  toad  (or  frog)  may 
be  substituted  for  the  more  expensive  rabbit  in  human  pregnancy  tests. 

Anuran  anterior  pituitaries  have  been  found  to  be  uniformly  effec- 
tive in  inducing  sexual  reactions  in  any  anuran  providing,  of  course, 
that  the  injected  individual  has  not  just  gone  through  a  natural  breed- 
ing season.  In  no  case  has  induced  sexual  response  appeared  in  any 
way  abnormal  or  has  it  been  accompanied  by  the  convulsive  reaction -> 
which  have  been  associated  with  the  injection  of  mammalian  extracts 
of  the  anterior  pituitary. 

The  dose  of  anuran  anterior  pituitary  necessary  to  induce  the  sexual 
response  is,  in  general,  the  injection  of  twice  the  amount  of  the  host. 
However,  the  pituitaries  are  not  uniformly  potent  for  the  various  spe- 
cies, nor  are  the  relationship  of  male  to  female  potencies  uniform 
throughout  the  group  of  Anura  studied.  For  this  reason  the  data  is 
given  in  tabular  form.  As  would  be  expected,  the  bullfrog  gland  is 
relatively  the  most  potent,  but  this  may  be  only  a  quantitative  relation- 
ship since  it  is  the  largest  of  the  anuran  glands  studied.  The  toad 
pituitary  was  found  to  be  the  least  potent,  a  fact  correlated  with  its 
relative  size. 

It  must  be  remembered  that  ovulation  induced  by  the  injection  of 
the  anterior  pituitary  hormone  is  not  necessarily  an  all-or-none  reaction. 
The  degree  to  which  the  ovaries,  in  a  particular  case,  are  emptied,  de- 
pends upon  the  dose  of  the  hormone  injected  and  the  time  of  ovulation 
depends  upon  the  temperature  (Rugh,  1935).  Taking  advantage  of 
these  facts,  it  is  possible  to  so  regulate  the  dose  and  temperature  that 
the  ovaries  may  be  partially  (or  completely)  emptied  at  a  certain  speci- 
fied time.  The  fact  that  three  of  these  species  can  be  used  to  supply 
eggs  (and  tadpoles)  during  the  summer  months,  and  R.  pipiens  and  A'. 
pahtstris  and  many  others  can  be  so  used  (hiring  the  winter  months, 
makes  it  possible  now  to  sav  that  embryologists  need  not  be  without 
anuran  material  at  any  time. 

With  A*,  claniitaiis  and  R.  catesbuina  fertilized  eggs  can  be  secured 
either  by  inducing  amplexus  and  allowing  the  pair  to  lay  the  eggs  in 
an  aquarium  or  by  artificial  insemination  (Rugh,  1934).  The  latter 
method  is  to  be  preferred  only  because'  it  can  be  controlled  and  the  ex- 
act time  of  fertilization  can  be  ascertained.  I  f  care  is  taken,  one  can 
often  achieve  100  per  cent  fertilization  by  such  means.  In  the  case  of 
the  toad,  Unfti  faiJcri,  the  situation  is  quite  different.  The  eggs  are 
not  retained  in  the  uterus  as  they  are  in  the  frogs  but  are  laved  single 
(or  double)  file  as  they  pass  through  the  cloaca.  Thus  far  it  has  been 
impossible  to  have  a  female  toad  discharge  its  eggs  into  an  aquarium 
containing  concentrated  sperm  suspension  and  get  the  eggs  fertilized. 
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The  only  method  by  which  a  large  percentage  of  normally  fertilized  toad 
eggs  can  be  secured  is  by  inducing  amplcxus  and  ovulation  simultane- 
ously. 

Inter-generic  amplexus  has  been  successful  only  in  the  one  direction 
illustrated.  The  toad's  skin  contains  numerous  glands,  poison  to  frogs, 
and  this  fact  alone  is  adequate  to  explain  the  negative  results  when  a 
male  frog  is  injected  in  an  attempt  to  induce  it  to  go  into  amplexus  with 
a  female  toad.  The  male  toad,  however,  is  very  responsive  to  sexual 

TABLE  11 
Pituitary  Induced  Amplexus 


Form 


Source  Pituitary  Hormone 


Reaction  Time* 


R.  da  mi  tans. 


R.  catesbiana. 
B.  fowleri . .  .  . 


]  9  R.  damitans 

19   +  1  d"  R.  damitans 

19  +  2c?  R.  damitans 

29  R.  pipiens 

3c?  R.  pipiens 

400  rat  units  antuitrin-S 
(Parke,  Davis  &  Co.) 

1  d"  or  2  c?  B.  fowleri 
1  9  B.  fowleri 

1  cc.  whole  sheep  extract 
0.5   1.0  cc.  antuitrin-S 


No  amplexus,  inadequate  dose 
Amplexus  in  18  hours 
Amplexus  6-24  hours 
Amplexus  6-24  hours 
Amplexus  18-24  hours 

Brief  amplcxus  (one  case  only) 


Amplexus  in  2-20  hours 
Amplexus  in  2-20  hours 

Amplexus  5-9  hours 
Amplexus  2-6  hours 


*  Reaction  time  refers  to  time  between  injection  of  the  hormone  and  amplexus. 
The  duration  of  amplexus  is  usually  several  days  or  until  the  eggs  are  extruded  from 
the  uterus.  In  all  cases  where  Rana  male  is  in  amplexus  with  Rana  female,  it  has 
been  found  that  the  female  was  also  sexually  active.  This  is  not  necessary  with 
Bufo. 

stimulation  and,  when  injected  with  the  anterior  pituitary  hormone,  will 
go  into  amplexus  with  almost  any  available  object.  By  amplexus  is 
meant,  not  mi-rely  a  temporary  gripping  by  the  forelimbs,  but  the  main- 
tenance of  the  normal  amplectic  position  tor  at  least  two  hours.  In 
only  two  out  of  eighteen  cases  of  inter-generic  amplexus  has  the  female 
frog  been  found  dead,  and  these  cases  might  not  have  been  due  to  toad 
poison.  The  male  toad,  in  contrast  with  the  male  frog,  is  rather  indis- 
criminate in  respect  to  the  selection  of  an  object  lor  amplexus. 

CONCLUSIONS 

The  doses  of  anuran  anterior  pituitary  hormone  necessary  to  induce 
sexual  reactions  in  I\'.  chnuitans,  R.  catcsbiaixi  and  />'.  fou'lcn  during  the 
summer  months  is  given. 
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Methods  are  described  for  the  securing  of  fertilized  anuran  eggs. 
It  is  now  possible  to  secure  anuran  eggs  and  tadpoles  at  any  season. 

Mammalian  extracts  of  the  anterior  pituitary  (whole  sheep  gland 
or  antuitrin-S  from  pregnancy  urine)  are  effective  in  toads  but  not 
uniformly  effective  in  inducing  sexual  reactions  in  frogs.  It  is  sug- 
gested that  this  may  be  due  to  extraction  technique,  the  by-products  of 
which  may  be  actually  harmful  to  the  more  sensitive  frogs.  When  the 
technique  is  further  refined  it  is  possible  that  the  Anura  may  be  substi- 
tuted for  rabbits  in  human  pregnancy  tests. 

The  male  toad,  Bnfo  fowlcri,  is  shown  to  be  indiscriminate  when 
sexually  aroused,  going  into  amplexus  with  male  toads  or  female  frogs 
of  various  species  when  female  toads  are  not  available.  This  is  not  the 
case  with  frogs,  where  discrimination  is  evident. 
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THE  INFLUENCE  OF   PANTOTHENIC  ACID  ON  GROWTH 

OF  PROTOZOA 

AI.KRKI)   M.   KLLIOTT 

(From    the   Bioloyical  Laboratories,    University    College,   Nen1    York    University, 
and  the  College  of  the  City  of  Nciu  York) 

INTRODUCTION 

During  the  past  few  years  Williams  and  his  associates  have  been 
concerned  with  isolating  from  many  sources  substances  which  stimulate 
the  multiplication  of  yeast.  These  investigations  finally  have  resulted 
in  the  isolation  of  a  substance  to  which  the  name,  "  pantothenic  acid  ' 
has  been  given  (Williams  et  a!.,  1'M.V).  This  is  an  appropriate  name 
because  the  acid  has  been  found  in  tissues  of  representatives  of  nearly 
all  the  plant  and  animal  phyla.  It  \vmild  seem  that  a  substance  of  such 
universal  occurrence  must  possess  some  fundamental  biological  sig- 
nificance. 

I  'antothenic  acid  exerts  a  pronounced  stimulating  effect  on  the  growth 
of  the  "Gebriide  Mayer"  strain  of  Saccharomyces  cerevisicc.  Further- 
more, it  has  many  properties  in  common  with  vitamin  G  (B2).  Such 
striking  characteristics  make  it  an  ideal  substance  for  experimentation. 
with  other  microorganisms,  especially  with  certain  Protozoa  because  they 
are  more  closely  related  to  higher  animals  than  are  yeasts.  Results  of 
such  investigations  would  be  particularly  interesting  if  pantothenic  acid 
should  prove  to  be  identical  with  vitamin  G  (!>.,).  Reports  in  the  litera- 
ture concerning  the  effects  of  such  substances  on  the  growth  of  bacteria- 
free  strains  of  Protozoa  are  completely  lacking,  and  any  evidence  to 
show  that  Protozoa  do  or  do  not  require  vitamins  in  their  normal  nu- 
trition would  be  of  general  as  well  as  special  interest. 

The  writer  wishes  to  express  his  appreciation  to  Professor  R.  I. 
Williams  for  supplying  the  pantothenic  acid,  and  also  to  Miss  E.  Swaine 
for  counting  the  organisms  in  making  the  tests. 

M  vi  i  RIAL  AND  METHODS 

In  testing  the  effect  of  such  a  substance  as  pantothenic  acid  on  the 
gri'Wth  of  a  protozoan  form,  it  is  imperative  that  the  cultures  tested  are 
free  from  other  contaminating  microorganisms.  For  that  reason  all 
the  test  cultures  used  in  this  investigation  are  bacteria-free.  It  was  de- 
cided to  test  the  effect  of  pantothenic  acid  on  the  growth  of  a  ciliate, 
Colpidhtm  stria/inn,  and  a  phytomonad  flagellate,  Hcematococcus  phivi- 
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alts.  The  first  organism  is  definitely  animal-like  in  its  food  require- 
ments while  the  latter  is  plant-like  in  its  nutrition.  A  comparative  study 
was  thus  conducted  with  two  remotely  related  protozoan  forms,  one 
definitely  animal-like,  the  other  plant-like. 

The  bacteria-free  strain  of  Colpidium  striatuiu  employed  was  the 
one  used  in  a  previous  investigation  (Elliott.  1933).  The  pure  strain 
of  Hcsmatococcus  plnvialis  (bacteria-free)  was  originally  obtained  from 
Professor  E.  G.  Pringsheim,  and  was  used  recently  in  a  morphological 
study  (Elliott,  1934).  Professor  R.  J.  Williams  very  kindly  supplied 
the  pantothenic  acid  in  the  form  of  a  calcium  salt  which  had  a  potency 
of  "244";  "one  milligram  added  to  2.5  liters  of  culture  medium  gave 
a  heavy  response  with  yeast  in  18  hours."  Difco  tryptone  was  employed 
in  an  organic  basic  culture  medium,  which  was  made  up  as  follows : 

Difco  tryptone    10.0  gram 

KH.PO4    2.0      " 

Distilled  water    1.0  liter 

This  medium  was  used  throughout  the  experiments  with  C.  striatnin, 
while  with  H.  pluvialis  the  tryptone  content  was  reduced  to  0.5  per  cent 
because  previous  experiments  had  shown  that  the  flagellate  grew  better 
in  such  a  concentration. 

For  experimental  purposes  large  quantities  of  the  basic  medium 
were  made  up  and  subsequently  divided  into  two  parts ;  to  one  portion 
was  added  HC1  in  titrating  for  the  lower  pH  values  and  NaOH  was 
added  to  the  other  portion  in  titrating  for  the  higher  pH  values.  Usu- 
ally 10  tubes  were  set  at  each  desired  pH  unit,  each  one  of  which  con- 
tained 8  cc.  of  basic  medium;  to  5  of  these  (after  sterilization)  1.0  cc. 
of  a  sterile  pantothenic  acid  solution  (10  mg.  in  250  cc.  of  distilled 
water)  was  added.  To  the  other  5  tubes  distilled  water  (1  cc.)  was 
added.  The  tubes  were  then  inoculated  with  organisms  from  a  stock- 
culture  prepared  in  the  following  manner.  A  heavily  growing  culture 
tube  of  the  organisms  was  pipetted  into  a  sterile  centrifuge  tube  and 
centrifugalized.  This  was  repeated  at  least  four  times  with  sterile  tap 
water.  Finally  the  washed  organisms  were  pipetted  into  a  dilution  flask 
containing  200  cc.  of  sterile  tap  water.  From  this  flask  1-cc.  inocula- 
tions were  made  into  each  tube ;  the  flask  was  vigorously  shaken  before 
each  inoculation  in  order  to  insure  an  even  distribution  of  the  organisms. 
One  tube  was  then  selected  from  each  set  and  tested  for  the  initial  pH. 
Most  of  the  series  were  incubated  at  room  temperature  (19-26°  C.) 
for  a  period  of  76  hours  or  longer.  After  the  incubation  period  was 
completed,  two  or  more  of  the  tubes  from  each  set  were  checked  for 
the  final  pH.  One-half  cc.  of  Benin's  fixative  was  then  added  to  these 
and  the  remaining  tubes  and  the  final  counts  made ;  this  was  done  with 
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the  aid  of  a  Sedy wick-Rafter  counting  chamber  and  a  \\ 'hippie  ocular 
micrometer.  A  LaMotte  roulette  comparator  was  employed  in  making 
pH  determinations. 
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IMC.  1.  Scries  I.  Concentration  of  ciliates  in  thousands  per  cubic  centimeter 
plotted  against  initial  pH.  The  M>lid  line  indicates  growth  in  the  control;  the 
broken  line,  growth  with  pantotlu  nic  acid. 

K  X  I'l-  k  i: MENTAL 

In  testing  the  effect  of  any  ioni/.ahlc  sub>tance  such  as  pantothenic 
acid,  it  is  essential  to  determine  its  influence  over  a  wide  pH  range,  and 
not  at   the  point  of  optimum  growth  alone  of   the  organism.     A   sul> 
stance  may  have  decidedly  different  effects  in  the  ionized  and  molecular 

*  V 

condition.  This  fact  was  well  illustrated  in  the  case  of  acetic  and  bu- 
tyric acirl  C Elliott.  1933a)  ;  these  two  substances  were  definitely  toxic 
in  the  lower  pi  I  ranges  (6.5-4.5),  while  above  pi  I  7.0  they  actually 
accelerated  growth  of  Colpidinin  sli-iatinn  and  (".  caiiif>ylnin.  For  this 
reason  pantothenic  acid  was  tested  over  a  wide  pH  range. 
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Scries  I — Colpidium  striatuin 

The  pH  values  were  set  at  4.5,  5.0,  5.5,  6.3,  6.6,  7.2,  7.9,  and  8.5. 
After  sterilization  and  inoculation  the  pH  remained  the  same  in  all  the 
tubes.  After  80  hours  of  incubation  at  room  temperature  there  were 
no  pH  changes,  except  in  the  tubes  set  at  pi  I  6.3  and  there  the  change 
was  within  the  experimental  error  of  the  readings  (±  0.1).  The  final 
counts  are  recorded  in  Fig.  1. 

It  is  obvious  that  a  marked  acceleration  occurred  in  the  tubes  con- 
taining pantothenic  acid  over  those  of  the  controls.  A  noticeable  in- 
crease was  observed  at  pH  5.5,  with  a  maximum  at  6.3  and  6.6;  there 
was  no  traceable  increase  at  7.2  and  actual  deceleration  above  this  point. 
Pantothenic  acid,  as  evidenced  by  this  series,  accelerates  growth  of 
Colpidium  striatuin  in  the  acid  range  but  has  no  effect  in  the  alkaline 
range.  The  bimaximal  pH  growth  curve  in  the  control  is  typical  for 
this  species  (Elliott,  1933a). 

This  entire  series  was  duplicated   (Series  la)   with  similar  results. 

Series  II — H&matococcus  plu-vialis 

The  experimental  procedure  in  this  series  was  very  similar  to  that 
in  Series  I.  The  tubes  were  set  at  the  following  pH  units:  4.5,  5.0,  5.5, 
5.9,  6.5,  7.0,  7.5,  8.2,  and  8.5.  After  96  hours  of  incubation  at  room 
temperatures  and  north  window  illumination  there  were  no  pH  shifts. 
The  final  counts  are  recorded  in  Fig.  2. 

The  results  indicate  that  pantothenic  acid  had  no  effect  whatever 
on  the  growth  of  Hamato  coccus  pluvialis  over  the  entire  pH  range. 
The  differences  at  pH  7.0  and  8.2  are  probably  insignificant.  It  appears 
then  that  this  substance  accelerates  the  growth  of  a  saprozoic  ciliate,  yet 
has  no  effect  on  a  chlorophyll-bearing  flagellate. 

Series  III — Colpidium  striatuin 

It  was  shown  in  a  previous  investigation  (Elliott,  19331) )  that  gelatin 
would  not  support  growth  of  Colpidium  beyond  the  third  transfer. 
Gelatin  lacks  certain  amino  acids  ( tryptophane,  isoleucine,  and  hydroxy 
glutamic  acid)  but  is  rich  in  lysine  which  is  an  essential  amino  acid  for 
the  growth  of  this  organism  (Hall  and  Elliott,  MSS).  Some  other 
substance  is  apparently  lacking  in  this  protein.  It  occurred  to  the  writer 
that  perhaps  pantothenic  acid  might  be  such  an  essential  missing  sub- 
stance. For  that  reason  it  was  thought  worth  while  to  determine  the 
effect  of  pantothenic  acid  on  the  growth  of  Colpidium  striatuin  when 
gelatin  was  employed  as  a  basic  protein.  The  experimental  procedure 
was  very  similar  in  this  series  to  that  in  the  previous  two  with  the  ex- 
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ception  that  Difco  gelatin  (1  per  cent  solution)  was  substituted  for 
Difco  tryptone  in  the  basic  medium.  The  pH  was  adjusted  as  before 
at  the  following  values:  4.5,  5.5,  6.5,  7.0,  7.5,  8.0,  and  8.5.  Pantothenic 
acid  was  added  to  one  half  of  the  tubes,  sterilized,  inoculated,  incubated 
and  counted.  The  final  determinations  are  recorded  in  Fig.  3. 


15 


10 


4.5 


5.0 


5.5 


6.0 


7.0 


7.5 


8.0 


FIG.  2.  Series  II.  Conn  nt rut i<m  of  flagellates  in  thousands  per  cubic  ccnti- 
im-ter  plotted  against  initial  pi  F.  The  solid  line  indicates  growth  in  the  control; 
the  broken  line,  growth  with  pantothenic  acid. 

The  slight  growth  which  occurred  in  the  control  tubes  was  probably 
due  to  substances  carried  over  with  the  original  inocula ;  the  stock  or- 

nisms  were  not  washed  as  in  the  previous  series.     For  that  reason 

mall  amount  of  growth  would  be  expected.  Had  the  washings  and 
dilutions  been  made,  no  growth  would  probably  have  resulted.  The 

ential  point,  however,  is  that  pantothenic  acid  is  apparently  not  the 
substance  lacking  in  gelatin  for  the  support  of  the  growth  of  Colpidium. 
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Some   other,   still    unknown,    substance   is   cleficic'iit    in    this    incomplete 
protein. 

Scries  ir-—Colpidinin  striaiuni 

It  was  shown  in  a  previous  investigation  (Hall  and  Elliott,  MSS) 
that  by  adding  small  quantities  of  yeast  extract  to  gliadin  that  growth 
could  be  maintained  indefinitely  ;  likewise,  by  adding  a  small  amount 
of  yeast  extract  to  zein,  together  with  lysine  which  is  lacking  in  this 
protein,  indefinite  growth  could  be  maintained.  This  indicated  that 
some  substance  in  yeast  was  essential  for  the  growth  of  Colpidiujn. 
Perhaps  this  substance  was  pantothenic  acid?  The  following  series 
of  experiments  was  devised  to  test  this  point. 
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FIG.  3.  Series  III.  Concentration  of  ciliates  in  thousands  per  cubic  centi- 
meter plotted  against  pH.  The  solid  line  indicates  growth  in  the  gelatin  control; 
the  broken  line,  growth  with  pantothenic  acid. 

The  procedure  was  slightly  different  from  that  employed  in  the  fore- 
going series.  The  basic  medium  consisted  of  1  per  cent  protein  (zein, 
gliadin,  or  gelatin)  and  0.2  per  cent  KH2PO4  in  distilled  water.  The 
pH  was  set  at  5.8  in  all  tubes  since  previous  experiments  had  demon- 
strated that  acceleration  occurred  in  that  range.  To  6  tubes  containing 
zein  (8  cc.  each)  lysine  was  added  (1  cc.  of  0.7  per  cent  stock  solu- 
tion) ;  to  each  of  6  others,  was  added  1  cc.  of  pantothenic  acid  (con- 
centration identical  with  that  used  in  Series  I)  ;  and  to  a  third  set  of  6 
tubes  was  added  both  lysine  and  pantothenic  acid.  In  a  similar  manner 
lysine  and  pantothenic  acid  were  added  to  3  sets  (6  each)  of  tubes 
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containing  gliadin.  In  this  case,  however,  lysine  was  added  because  the 
concentration  of  this  amino  acid  in  gliadin  is  low  (0.92  per  cent). 
Gelatin  was  included  in  this  series  merely  as  a  check  on  the  previous 
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Scrii-s  IV.  ( ".  ,IK nitration  of  ciliatcs  in  thousands  per  cubic  centi- 
meter plotted  on  cirdmate.  The  letters  in  each  column  indicate  substances  added: 
O.  imthiim;  /..  1  pj  pantdthenic  acid;  LP,  both  lysine  and  pantothenic  acid. 
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observations.  All  the  tubes  were  inoculated  from  a  stock  culture  which 
had  not  been  washed  so  that  a  small  amount  of  the  original  medium  was 
carried  over  into  each  tube.  This  would  permit  a  small  amount  of 
growth  even  if  the  tested  substance  was  inadequate  to  support  continued 
growth.  The  incubation  period  was  80  hours  and  the  final  counts  are 
recorded  in  Fig.  4. 

It  is  observed  at  once  that  in  the  case  of  all  three  substances,  zein, 
gliadin,  and  gelatin,  pantothenic  acid  had  no  accelerating  effect.  In 
fact,  an  actual  deceleration  is  noted  in  all  three  cases,  although  perhaps 
significant  only  in  the  case  of  gliadin.  The  growth  was  comparatively 
slight  in  all  tubes,  which  was  to  be  expected  if  pantothenic  acid  was  in- 
effective. It  may  be  concluded,  therefore,  that  pantothenic  acid  is  not 
the  substance  essential  for  life  of  Colpidiuni  which  is  lacking  in  zein, 
gliadin,  and  gelatin. 

DISCUSSION 

The  question  of  growth-promoting  substances  in  microorganisms 
has  commanded  considerable  attention  for  many  years.  It  was  initiated 
by  Wildiers  (1901),  who  isolated  his  so-called  "bios"  from  yeast,  and 
who  maintained  that  this  substance  was  essential  for  continued  growth 
of  the  organism.  An  excellent  review  of  the  history  of  the  study  of 
bios  is  given  by  Tanner  (1925).  Fulmer  and  Nelson  (1922)  recog- 
nized the  significant  increase  of  yeast  growth  by  bios  but  found  that 
it  is  not  necessary  for  indefinite  growth  of  the  cells.  Williams  (1919) 
began  a  long  series  of  experiments  which  finally  resulted  in  his  isolation 
of  pantothenic  acid  (Williams  et  al.,  1933)  which  he  and  his  associates 
claim  is  identical  with,  or  very  closely  related  to,  vitamin  G  (B,).  Sev- 
eral of  its  properties  suggest  such  a  relationship.  It  probably  is  one  of 
the  substances  originally  contained  in  Wildier's  bios.  Williams  believes 
that  the  accelerating  substance  in  the  growth  of  yeast  is  a  single  sub- 
stance, namely,  pantothenic  acid.  Richards  (1932),  on  the  other  hand, 
believes  that  thallium,  found  as  an  impurity  in  asparagin  and  many 
other  sources,  may  be  the  element  responsible  for  acceleration  when  used 
in  proper  concentrations.  The  striking  effect  of  pantothenic  acid  on 
the  growth  of  Saccliaroiiiyccs  ccrevisice,  as  demonstrated  by  Williams 
and  his  associates  (1933),  seems  more  impressive  than  the  results  ob- 
tained by  Richards  with  thallium.  The  former  workers  showed  that 
concentrations  as  low  as  0.02  mg.  in  1  cc.  of  their  synthetic  culture 
medium  was  sufficient  to  accelerate  the  growth  five  times  that  of  the 
control.  Increasing  concentrations  produced  corresponding  increases  in 
the  growth  rate;  when  the  concentration  reached  40.0  mg.  per  cc.  of 
culture  medium  the  fold  increase  was  about  1500  times  that  of  the 
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control.  The  very  high  dilutions  preclude  the  possibility  of  pantothenic 
acid  being  utilized  as  a  source  of  food.  Therefore,  its  activity  in  the 
organism  probably  simulates  that  of  vitamins  in  higher  forms. 

Although  the  effect  on  Protozoa  is  not  so  striking  as  that  produced 
with  yeast,  nevertheless  the  present  experiments  indicate  that  the  effect 
of  pantothenic  acid  on  the  growth  of  Colpidium  striatuin  at  certain  pH 
values  is  very  pronounced.  The  increase  is  definite  on  the  acid  side  of 
neutrality,  while  above  pH  7.0  no  acceleration  occurred.  It  was  at  first 
thought  that  this  might  be  due  to  the  toxic  effect  of  the  dissociated  acid 
(ionization  constant  is  approximately  3.9  X  10~5  according  to  \Yillianis 
and  Moser,  1934).  However,  upon  examination  of  the  properties  of 
the  acid,  it  was  found  that  according  to  Williams  it  is  thermo-labile  in 
the  alkaline  range.  They  say,  "  It  is  evident  that  nearly  all  of  its 
(pantothenic  acid)  activity  ...  is  destroyed  by  prolonged  heating  in 
weakly  alkaline  medium  but  that  heating  in  weakly  acid  or  neutral  me- 
dium for  4  hours  at  119°  0.  causes  very  little  destruction."  The  de- 
struction of  its  accelerating  powers  on  the  alkaline  side  in  Series  I  might 
have  been  due  to  the  heating  to  122°  C.  for  20  minutes  when  the  tubes 
were  sterilized. 

The  question  of  synthesis  of  pantothenic  acid  by  plants  and  animals 
was  studied  by  \Yilliams  and  his  associates  (\Yilliams  et  al.,  1933). 
They  found  that  .-lspcr</illns  n'uicr  synthesized  the  acid  in  soils  and  thi> 
led  them  to  believe  that  it  was  not  produced  by  green  plants.  They 
say,  "that  it  is  without  doubt  produced  by  microorganisms  in  soil  sug- 
gests the  possibility  that  it  may  not  1)6  synthesized  by  green  plant-." 
This  prediction  is  of  interest  in  view  of  the  present  observations.  It 
was  noted  that  the  green  phytomonad.  II(Ciiiaf»cncciis  pluinalis,  failed  to 
show  any  acceleration  with  pantothenic  acid  while1  a  marked  increase  was 
noted  with  the  saprozooic  organism.  Colpidiiiiu  striatuin.  This  does 
not  prove  that  Hccinatococcns  pluz'iulis  fails  to  synthesize  the  acid  but 
it  does  seem  to  indicate  that  the  organism  does  not  utilize  it  to  any  great 
extent. 

It  is  not  at  all  unusual  that  microorganisms  are  able  to  synthesize 
vitamins;  for  example,  Kuroya  and  Ilosaya  (1923)  showed  that  Buc- 
t<->-inin  col!  synthesized  vitamin  ^}>,  and  Damon  (1924)  demonstrated 
that  M-M-ral  members  of  the  genus  Mycobacterium  produced  a  growth- 
simulating  substance  analogous  to  vitamin  P..  It  appears  thai  this 
ability  to  synthesize  vitamin  \'>  is  widespread  among  bacteria  and  yeasts. 
Yitamin  <i  (  I '. .  )  i>  probably  synthesized  along  with  ]->  since  it  has  some- 
what -imilar  distribution  and  properties.  Both  vitamin  !'•  and  (i  were 
probably  present  in  the  Difco  tryptone  base  (partially  hydrolized  casein) 
used  in  the  present  experiments,  but  since  all  the  tubes  were  autoclaved 
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at  one  time  or  another,  properties  of  G  were  undoubtedly  impaired. 
Furthermore,  the  writer  has  maintained  haeteria-free  cultures  of  Pro- 
tozoa for  several  years  in  autoclaved  media.  Since  vitamin  B  is  de- 
stroyed by  such  treatment,  it  is  probably  not  essential  for  the  growth  of 
these  organisms.  On  the  other  hand,  vitamin  G  (B.,),  being  heat  stable 
under  most  conditions,  probably  was  retained  unharmed  for  the  most 
part  and  possibly  utilized  by  the  ciliates.  If  vitamin  G  and  pantothenic 
acid  prove  to  be  identical  substances  the  results  of  the  present  investiga- 
tion will  carry  more  interest.  While  these  observations  do  not  demon- 
strate the  essential  nature  of  pantothenic  acid  in  regard  to  continued 
culturing  of  Colpidium  siriatuut,  they  do  indicate  its  importance  in  rate 
of  multiplication  of  the  ciliate. 

SUMMARY 

Pantothenic  acid,  a  growth-promoting  substance  of  universal  occur- 
rence, was  tested  for  its  effect  on  the  growth  of  two  remotely  related 
protozoan  forms,  namely,  Colpidium  striatiiin  and  Hccinatococcus  pluvi- 
alis.  The  tests  were  conducted  over  a  wide  pH  range.  In  the  case  of 
C.  stnatuin  a  doubling  of  the  growth  occurred  in  the  pantothenic  acid 
cultures  on  the  acid  side  of  neutrality  (pH  5.5-6.6)  while  no  accelera- 
tion was  observed  above  pH  7.0.  With  Hcriuatococciis  phivialis  no  dif- 
ferences were  noted  in  the  test  and  the  control  tubes.  It  was  shown 
further  that  pantothenic  acid  was  not  the  substance  lacking  in  certain 
incomplete  proteins  (zein,  gliadin.  and  gelatin)  which  failed  to  support 
indefinite  growth  of  C.  striatitin. 
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THE  LETHAL  ACTION   OF   SUNLIGHT  UPON   BACTERIA 

IN  SEA  WATER 

CLAUDE  E.  ZOBELL  AND  GEORGE  F.  MCEWEN 

(From  the  Scripts  Institution   of  Oceanography,   University  of  California, 

La  Jolla,  California') 

Although  our  knowledge  of  the  distribution  and  activities  of  marine 
bacteria  is  woefully  scant,  it  is  recognized  that  these  microorganisms 
play  an  important  role  in  the  biology,  geology,  and  chemistry  of  the  sea 
(cf.  Bavendamm,  1932;  Benecke,  1933;  and  Waksman,  1934).  There 
are  several  factors  which  are  known  to  influence  the  distribution  of  bac- 
teria in  the  sea,  but  so  complex  is  the  problem  that  it  is  necessary  to 
consider  each  factor  singly  in  order  to  evaluate  its  significance. 

It  has  been  stated  frequently  that  the  lethal  action  of  sunlight  upon 
bacteria  has  a  profound  effect  upon  their  vertical,  diurnal,  and  seasonal 
distribution.  For  example,  Fischer  (1894)  found  more  bacteria  in  the 
North  Atlantic  at  sunrise  than  in  the  afternoon,  and  Schmidt-Nielson 
(1901)  attributed  to  the  killing  action  of  sunlight  the  difference  be- 
tween 26  bacteria  per  cubic  centimeter  of  surface  sea  water  and  420 
per  cubic  centimeter  at  a  depth  of  25  meters.  Similarly,  Bertel  (1912) 
noted  that  during  May  and  June,  a  period  of  intense  insolation,  the 
number  of  bacteria  in  the  Atlantic  between  the  Azores  and  Portugal 
increased  from  the  surface  downward  and,  furthermore,  the  number 
of  bacteria  at  the  surface  increased  during  the  night  and  was  reduced 
again  in  the  morning.  Gaarder  and  Sparck  (1931)  ascribed  to  the 
bactericidal  effect  of  sunshine  the  paucity  of  bacteria  in  Norwegian 
oyster  pools  in  the  summer  as  compared  to  their  greater  abundance  in 
the  winter.  Corresponding  observations  have  been  made  in  fresh-water 
lakes  as  exemplified  by  the  report  of  Graham  and  Young  O934),  who 
found  the  maximum  bacterial  population  at  a  depth  of  30  to  60  feet, 
stating  that  there  were  fewer  bacteria  near  the  surface  due  to  the  in- 
tensity of  the  light.  Conversely,  Reuszer  (1933)  found  no  correlation 
between  the  numbers  of  bacteria  in  surface  sea  water  and  the  time  of 
exposure  to  sunshine  in  the  summer  months  near  Cape  Cod.  Fred, 
Wilson,  and  Davenport  (1924)  found  no  evidence  of  light  influencing 
the  bacteria  in  the  surface  water  of  Lake  Mendota.  Lloyd  (1930)  ob- 
served that  although  the  number  of  bacteria  in  the  surface  layers  of 
water  in  the  Clyde  Sea  area  increased  slightly  during  the  hours  of  dark- 
ness, even  on  sunny  summer  days  there  were  more  bacteria  at  the  sur- 
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face  than  in  the  underlying  strata,  and  she  deduced  that  the  bactericidal 
effect  of  sunlight  is  negligible.  In  their  studies  on  the  factors  which  in- 
fluence the  distribution  of  bacteria  in  the  sea,  ZoBell  and  Feltham  (1934) 
concluded  that  if  there  is  any  direct  or  indirect  harmful  effect  of  sun- 
light, it  is  obscured  by  other  factors.  This  paper  is  a  continuation  of 
those  studies. 

EXPERIMENTAL 

Observations  on  the  vertical  distribution  of  bacteria  were  made  on 
several  bright  calm  days  during  the  summer  months  of  1(>33  and  1(M4 
at  the  end  of  the  Scripps  Institution  pier  which  extends  1,000  feet  into 
the  sea  and  beyond  the  surf  zone.  The  sampling  device  consisted  of  a 
sterile  evacuated  bottle  fitted  with  a  sealed  capillary  tube  which  is  broken 

TABLE  I 

Average  plate  counts  expressed  as  bacteria  per  cubic  centimeter  of  sea  water 
collected  at  various  depths. 


Date  of  experiment 

6/S/1934 

7/2/1934 

8/3/1934 

meltrs 
Surface 

87 

206 

48 

0.1     . 

62 

249 

78 

05 

38 

164 

35 

1.0 

80 

91 

73 

2.5 

94 

134 

42 

50 

63 

282 

27 

by  a  messenger,  thus  permitting  the  bottle  to  till  with  uncontaminated 
water  from  any  level  within  a  few  centimeters  of  the  desired  depth. 
For  a  complete  description  of  the  sampling  device  and  details  concerning 
the  methods  of  investigation,  evaluation  of  the  experimental  error,  and 
the  lack  of  uniformity  in  the  distribution  of  bacteria  in  the  sea,  see 
/.uMc-11  and  Feltham  (1034). 

Samples  consisting  of  50  cc.  of  sea  water  were  collected  at  2  :00  P..M . 
from  the  surface  and  at  various  depths  below  the  surface.  After  vig- 
orously slinking  the  samples,  appropriate  dilutions  thereof  were  plated 
in  duplicate  on  nutrient  sea-water  agar.  The  plates  were  incubated  for 
four  days  at  J50  C.,  and  the  resulting  colonies  were  enumerated  in  a 
Stewart  counting  chamber,  using  a  3.5x  engraver's  lens.  The  average 
number  nf  bacteria  per  cubic  centimeter  are  shown  in  Table  I. 

'Ibis  experimental  procedure  presented  no  evidence  that  sunlight 
destroyed  the  bacteria  in  the  upper  strata  of  water  for,  within  the  limits 
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of  sampling  errors,  there  were  just  as  many  bacteria  in  the  surface 
water  as  in  that  taken  from  a  depth  of  5  meters.  These  results  cor- 
roborate previous  findings  when  the  mean  of  twelve  samples  collected 
from  August  1  to  August  13,  1932,  was  584  bacteria  per  cubic  centimeter 
of  surface  sea  water,  447  in  the  3-meter  strata,  and  608  from  a  depth  of 
6  meters.  It  is  recognized  that  the  vertical  circulation  of  the  water  near 
shore  may  have  a  tendency  to  mix  the  different  strata,  but  that  mixing 
was  not  appreciable  during  this  period  is  indicated  by  a  temperature  dif- 
ference of  from  2°  to  6°  C.  between  the  surface  and  bottom  water  at 
the  end  of  the  pier. 

The  vertical  distribution  of  bacteria  to  greater  depths  was  investi- 
gated near  mid-day  during  the  summer  months.    On  the  boat  "  Scripps  " 

TABLE  II 

Vertical  distribution  of  bacteria  at  sea  expressed  as  the  number  of  bacteria  per 
cubic  centimeter  of  water  at  different  depths. 


Station  no.  and  date 

Depth 

1.     9/7 

1.     9/14 

3.     6/24 

3.     7/16 

meters 

Surface 

147 

344 

27 

165 

5 

126 

400 

47 

164 

10 

238 

324 

22 

253 

20 

292 

528 

— 

406 

50 

86 

620 

109 

285 

100 

14 

17 

31 

98 

150 

2 

0 

— 

— 

200 

3 

2 

2 

0 

300 

6 

0 

5 

2 

400 

0 

1 

3 

— 

500 

2 

0 

2 

3 

bacteriological  samples  were  obtained  from  intermediate  depths  to  500 
meters  at  stations  ten  to  fourteen  miles  offshore  where  the  water  was 
approximately  1,000  meters  deep.  The  results  of  duplicate  analyses  of 
these  samples  are  shown  in  Table  II.  The  bacterial  population  was 
found  to  increase  from  the  surface  downwards  to  a  depth  of  about  50 
meters,  which  is  in  accordance  with  the  observations  of  F0yn  and  Gran 
(1928),  Schmidt-Nielson  (1901),  and  Bertel  (1912). 

It  should  be  noted  that  from  the  surface  to  the  zone  of  their  greatest 
abundance  the  number  of  bacteria  increases  only  two-  to  four-fold,  which 
is  not  indicative  of  a  direct  bactericidal  effect  of  solar  radiations  in  the 
upper  strata  since  the  penetration  of  these  rays  decreases  geometrically 
with  depth.  If  we  assume  for  the  sake  of  argument  that  the  lethal  ac- 
tion of  sunlight  is  the  only  factor  which  influences  the  otherwise  uniform 
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vertical  distribution  of  bacteria  throughout  the  zone  of  photosynthesis 
(which  is  known  to  be  a  false  assumption),  we  would  expect  the  number 
of  bacteria  to  increase  in  geometric  progression  from  the  surface  down- 
ward following  several  hours  of  exposure  to  intense  sunlight.  There  is 
no  semblance  of  such  a  relationship.  As  is  shown  in  Fig.  2.  virtually 
all  of  the  bactericidal  radiations,  or  those  having  a  wave  length  of  3130 
A  or  less,  are  absorbed  by  the  first  three  meters  of  sea  water  and  there 
is  no  significant  increase  in  the  bacterial  population  until  a  depth  of  ten 
to  twenty  meters  is  reached.  \Yhile  there  is  no  indication  from  the 
study  of  the  vertical  distribution  of  bacteria  in  sea  water  that  sunlight 
has  any  lethal  action,  the  experiments  fail  to  prove  that  there  is  no  such 

TABLE  III 

Average  plate  counts  expressed  as  bacteria  per  cubic  centimeter  of  surface  sea 
water  collected  at  different  times  during  the  day. 


Time  of  collection 

Date  of 

collections 

7:00  A.M. 

12:00  M. 

5:00  P.M. 

June  4 

192 

167 

80 

5 

180 

158 

167 

6 

109 

81 

102 

7 

122 

•  —  • 

216 

8 

204 

239 

94 

11 

51 

12 

34 

12 

— 

103 

143 

13 

217 

141 

166 

14 

165 

315 

72 

15 

96 

283 

158 

Average 

148 

167 

123 

action  because  there  are  multifarious  other  factors  which  influence  the 
vertical  distribution  of  bacteria  about  which  little  or  nothing  is  known. 

DlfKXAL  AND    SEASONAL    FLUCTUATION 

During  a  two-week  period  from  June  4  to  June  Id,  l'>34.  50-cc. 
-.unplcs  of  sea  water  were  collected  from  the  end  of  the  pier  at  7  :00 
A.M.,  12:00  M.,  and  5  :00  P.M.  These  samples  were  analyzed  for  their 
viable  bacteria  content  by  the  same  standard  procedure  described  above. 
'I  able  III  presents  the  findings. 

\\  bile  in  some  cases  there  was  a  perceptible  diminution  in  tin-  number 
of  bacteria  per  unit  of  water  after  being  exposed  all  day  to  sunlight, 
on  other  days  the  5:00  P.M.  samples  actually  contained  more  viable 
bacteria  than  the  earlv  morning  samples.  The  tidal  phase  was  taken 
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into  consideration,  and  it  did  not  influence  the  results.  It  is  recognized 
that  the  same  mass  of  water  was  not  being  sampled  throughout  the  day, 
due  to  its  slow  horizontal  circulation  which  accounts  for  many  of  the 
apparent  discrepancies.  This,  together  with  the  fact  that  bacteria  are 
not  uniformly  distributed  in  sea  water  and  that  there  are  certain  un- 
avoidable experimental  errors  in  the  collection  and  analysis  of  samples, 
emphasizes  that  the  formation  of  conclusions  from  one  day's  observa- 
tions, as  has  been  done  by  other  workers,  is  unreliable  and  untenable. 
However,  most  of  the  errors  of  single  observations  should  be  offset  by 
averaging  several  observations,  and  the  application  of  this  method  re- 
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FIG.  1.  The  solid  line  gives  the  bi-weekly  average  number  of  bacteria  per 
cubic  centimeter  of  surface  sea  water  during  the  year  1933  and  the  broken  line 
gives  the  corresponding  monthly  mean  solar  radiation  intensity  in  terms  of  gram- 
calories  per  square  centimeter. 

vealed  that  the  bacterial  counts  of  the  5:00  P.M.  samples  were  only 
slightly  lower  than  the  7:00  A.M.  samples  and,  indeed,  the  12:00  M. 
samples  contained  more  bacteria  than  the  early  morning  ones.  Pre- 
viously, from  August  15  to  September  13,  1932.  by  use  of  a  similar 
procedure,  an  average  for  28  days  showed  487  bacteria  per  cubic  centi- 
meter of  surface  sea  water  in  the  early  morning  and  455  in  the  late 
afternoon. 

The  seasonal  distribution  of  bacteria  in  the  sea  has  been  followed 
for  three  years  by  the  daily  (except  Sunday)  analysis  of  water  samples 
collected  from  the  Institution  pier.  Data,  showing  the  relationship  be- 
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tween  tlie  bacterial  population  expressed  as  bacteria  per  cubic  centimeter 
of  surface  sea  water  and  the  insolation  intensity  expressed  in  terms  of 
gram-calories  per  square  centimeter,  are  summarized  in  Fig.  1.  Bi- 
weekly averages  of  the  former  for  the  year  1933,  and  the  corresponding 
monthly  mean  insolation  intensity  calculated  from  the  daily  values  re- 
corded by  the  Institution's  pyroheliometer,  are  given.  A  description  of 
this  instrument  appears  in  the  Monthly  Weather  Revieiv,  vol.  60:  pp. 

28,  1932,  and  information  on  the  measurements  of  solar  radiations 
at  La  Jolla  may  be  found  in  subsequent  issues. 

In  Fig.  1  it  will  be  noted  that  the  period  of  maximum  insolation, 
May  to  July,  was  also  a  period  of  minimum  bacterial  population,  which 
from  these  data  alone  may  be  interpreted  as  a  bactericidal  effect  of  sun- 
light. But  it  should  also  be  noted  that  by  far  the  largest  number  of 
bacteria  occurred  in  September  when  the  insolation  was  still  relatively 
intense,  and  very  few  bacteria  were  found  the  last  of  November  to  the 
first  of  January  when  insolation  was  at  its  lowest  ebb.  The  same  gen- 
eral trends  were  found  in  1932. 

Like  the  foregoing  experiments,  there  are  too  many  additional  phys- 
ical, chemical,  and  biological  factors  which  also  undergo  seasonal  cycles 
and  which  are  known  to  affect  the  bacterial  population  of  the  sea  to  war- 
rant an  evaluation  of  the  direct  influence  of  sunlight  alone.  For  ex- 
ample, it  has  been  found  that,  except  for  the  large  numbers  of  bacteria 
which  occur  each  vear  in  February,  there  is  a  semblance  of  correlation 

•^  */ 

lid  ween  the  water  temperature'  and  the  bacterial  population  (cf.  ZoBell 
and  Feltham,  1934).  Also,  the  phytoplankton  content  of  the  water  at 
the  same  place  was  highest  from  May  to  July,  and  next  highest  in  No- 
vember and  December,  which,  if  only  one  factor  is  considered,  may  indi- 
cate that  periods  of  maximum  photosynthesis  are  accompanied  by  small 
bacterial  populations  and  followed  by  large  ones.  Thus,  while  a  com- 
parison of  the  insolation  intensity  with  the  seasonal  distribution  of  bac- 
teria indicates  that  the  former  may  exert  a  harmful  influence  on  bacteria, 
the  study  illustrates  the  fallacy  and  futility  of  trying  to  interpret  find- 
ings with  insufficient  data  on  contributing  factors.  Evidence  is  being 
rapidly  accumulated  by  field  workers  that  light  acts  as  an  important 
factor  in  the  distribution  of  both  plant  and  animal  species  in  the  sea  and 
the  abundance  of  bacteria  is  interlinked  with  the  presence  of  either  dead 
or  living  organic  matter.  The  vertical  distribution  of  phytoplankton  is 
directly  a— iciatcd  with  light  intensities  (Pettersson  et  al,  1934)  and 
there  are  numerous  phototropic  zooplankton  (cf.  Spooner,  1933.  (jar- 
diner.  r».v}i  which  migrate  to  the  surface  during  hours  of  darkness 
and  sink  t<>  deeper  water  with  increasing  luminosity,  all  of  which  would 
affect  the  vertical,  diurnal,  and  seasonal  distribution  of  bacteria. 
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Direct  field  observations  having  failed  to  answer  satisfactorily  the 
question  under  consideration,  laboratory  experiments  were  devised  in 
which  the  various  conditions  were  under  control.  During  bright  days 
in  July  when  the  angle  of  incidence  of  the  sun's  rays  approached  90° 
at  mid-day,  shallow  layers  of  sea  water  were  exposed  in  open  Petri 
dishes  on  the  roof  of  a  two-story  building.  The  sea  water  was  paper- 
filtered  to  remove  suspended  particles  and  thereby  insure  a  more  uni- 
form distribution  of  bacteria.  The  dishes  of  sea  water  were  held  in  a 
water  bath  the  temperature  of  which  was  maintained  at  25°  to  26°  C. 
with  running  tap  wrater.  Sea  water  was  placed  in  the  dishes  having  a 
diameter  of  10  cm.  to  give  depths  of  2  mm.,  5  mm.,  and  10  mm.,  this 
requiring  16  cc.,  40  cc.,  and  80  cc.,  respectively.  The  number  of  bac- 

TABLE  IV 

Average  number  of  bacteria  per  cubic  centimeter  of  sea  water  of  different  depths 
surviving  exposure  to  direct  sunlight  from  11 :00  A.M.  to  1 :00  P.M. 


Time  of 

Depth  of  water 

exposure 

2  mm. 

5  mm. 

10  mm. 

Initial    . 

164 

159 

163 

15  minutes  

109 

135 

138 

30  minutes  . 

93 

124 

140 

1  hour 

83 

139 

127 

1  ^2  hours 

81 

95 

122 

2  hours  

76 

108 

126 

teria  in  the  water  was  determined  by  plate  counts  at  the  beginning  of 
the  experiment  and  at  intervals  thereafter.  The  average  results  of 
three  such  experiments  are  summarized  in  Table  IV. 

The  experiment  clearly  demonstrates  that  sunlight  does  have  a  lethal 
action  on  bacteria  suspended  in  shallow  layers  of  sea  water,  this  action 
being  most  marked  during  the  first  few  minutes  of  exposure  and  being 
almost  negligible  after  one  hour.  It  also  indicates  that  the  bactericidal 
action  apparently  decreases  with  depth  even  within  the  upper  10  mm. 
of  water.  Such  shallow  layers  of  water  were  also  exposed  to  sunlight 
from  8:00  A.M.  until  4:00  P.M.,  but  the  diminution  in  the  number  of 
viable  bacteria  was  not  much,  if  any,  greater  than  when  exposed  to 
the  mid-day  sun  for  one  hour.  Nor  was  there  any  evidence  of  a  cumu- 
lative effect  following  exposure  on  five  successive  days  as  compared  with 
the  controls  which  were  kept  in  the  dark  at  the  same  temperature. 

In  order  to  examine  more  closely  the  relationship  of  depth  to  the 
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bactericidal  action  of  sunlight.  38-cm.  battery  jars  were  filled  with 
paper-filtered  sea  water  to  give  a  depth  of  35  cm.  of  water.  One  of 
these  was  exposed  to  bright  July  sunlight  and  the  other  was  kept  in 
the  dark.  Roth  were  maintained  at  25°  to  26°  C.  in  a  bath  of  running 
water.  Samples  were  obtained  from  the  surface  and  at  depths  of  10. 
Jo.  and  35  em.  by  means  of  a  sterile  pipette,  the  upper  end  of  which 
was  kept  closed  until  the  pipette  had  been  inserted  to  the  desired  depth. 
These  samples  were  collected  at  9:00  A.M..  1  :00  P.M..  4:00  P.M..  and 
9:00  P.M..  and  were  plated  on  nutrient  sea  water  agar.  Table  Y  pre- 
sents the  averaged  results  of  three  such  experiments  on  three  different 
days. 

TAHLI-;  Y 

Average  plate  counts  of  sea  water  in  three  experiments  in  battery  jars  at  dif- 
ferent depths  with  and  without  exposure  to  sunlight. 


Treatment 

Depth  oi 
sample 

Time  of  taking  sample 

9:00  A.M. 

1:00  I'.M. 

4:00  P.M. 

•>:00  P.M. 

Covered 

cm. 

surface 
10 
20 
35 

surt.H  i 
If) 
20 
35 

241 

235 

228 
217 

238 
246 
20Q 
254 

202 
263 
197 
204 

152 
173 
195 
211 

190 

188 
225 
217 

121 
198 
176 
187 

196 
211 
208 
242 

130 

164 
L53 
228 

Covered 

Covered 

Covered  

Exposed  
Exposed  

Exposed  
Exposed  .  . 

Just  prior  to  taking  the  9:00  A.M.  samples  the  water  in  both  jars 
was  thoroughly  mixed  by  pouring  t'rom  one  jar  into  the  other,  so  the 
difference  in  the  plate  counts  in  the  9:00  A.M.  column  furnishes  an 
index  to  the  ran^e  of  error  in  tin-  analytical  procedure.  .Again  it  is 
demonstrated  that  sunlight  kills  bacteria  in  sea  water,  but  it  does  so  to 
a  detectable  degree  only  in  the  uppermost  few  centimeters  ot  water, 
and  even  in  the  upper  layers  the  lethal  action  is  relatively  slight.  From 
the  4:00  P.M.  column  in  Table  Y  it  should  be  observed  that  following 
seven  hours  exposure  to  direct  sunlight  the  bacteria  in  the  surtaee  layer 
were  reduced  only  36  per  cent  as  compared  to  the  covered  control.  The 
average  of  the  four  strata  at  4:00  P.M.  was  205  bacteria  in  the  covered 
jar  ami  171  in  the  exposed  jar,  and  just  about  the  same  at  l>:00  I'.M. 

posiirr  of  the  water  in  battery  jars  on  several  successive  days  did 
not  cause  any  more  tangible  de-crease  in  the  bacterial  population  than 
in  the  unexpiised  eontrol.  In  both  jars  sedimentation  and  thigmotro- 
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pisin  became  evident.  It  has  been  pointed  out  l>v  Prescott  and  Winslow 
(1931)  that  the  tendency  of  bacteria  to  settle  in  standing  water  lias  been 
misinterpreted  as  a  lethal  action  of  sunlight,  and  ZoBell  and  Allen 
(1933)  have  showed  that  many  bacteria  are  thigmotropic  and,  when 
confined  in  glass  vessels,  attach  themselves  to  solid  surfaces. 

Although  the  foregoing  results  are  not  always  clear-cut,  the  findings 
are  in  perfect  accord  with  our  knowledge  of  the  abiotic  radiations  of 
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Fir..  2.  Percentage  of  incident  intensity  of  radiations  of  wave  lengths,  reading 
from  top  to  bottom,  2540,  2660,  2800,  3030,  and  3340  A,  which  penetrate  clear  sea 
water  to  different  depths. 

sunshine.  Recent  work  by  Hulburt  (1928),  Atkins  (1932),  Richard- 
son (1932),  and  others  shows  that  the  penetration  of  light  in  sea  water 
decreases  rapidly  as  the  wave  length  decreases.  This  is  illustrated  by 
Fig.  2,  which  gives  the  depth  of  penetration  of  certain  bactericidal  radia- 
tions in  terms  of  the  percentage  of  the  incident  rays  which  reaches  the 
stated  depth.  The  data  were  calculated  by  using  the  approved  formula 
and  the  absorption  coefficients  found  by  Hulburt  (1928). 
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From  a  comprehensive  review  of  the  literature,  Ellis  and  Wells 
(1925)  conclude  that  the  bactericidal  range  of  solar  radiations  is  from 
2960  A  to  2100  A,  with  the  maximum  between  2800  A  and  2500  A. 
This  is  also  the  consensus  of  opinion  of  the  workers  whose  findings  are 
reviewed  by  Buchanan  and  Fulmer  (1930).  A  few  investigators  claim 
that  wave  lengths  up  to  3660  A  are  perceptibly  abiotic  but,  indeed,  they 
are  only  feebly  so,  as  indicated  by  the  work  of  Cernovocleanu  and  Henri 
(1910),  who  noted  that  whereas  3  to  5  hours  were  required  to  sterilize 
a  thin  emulsion  of  Bacterium  coll  with  wave  lengths  greater  than  3050 
A,  it  was  sterilized  in  15  to  20  seconds  with  shorter  wave  lengths.  Now 
it  will  lie  observed  from  Fig.  2  that  the  penetrating  power  of  the  radia- 
tions of  maximum  bactericidal  action  (2800  A  to  2540  A)  is  very  small, 
virtually  all  of  these  radiations  being  absorbed  by  the  first  meter  of  sea 
water  and  their  intensity  reduced  nearly  one-half  by  passage  through 
only  10  cm.  of  sea  water.  The  bactericidal  action  of  ultra-violet  radia- 
tions decreases  much  more  rapidly  than  the  decrease  in  the  intensity, 
as  has  been  shown  by  Coblentz  and  Fulton  (1924).  Fischer  and  Holden 
(1927)  found  that  the  lethal  action  of  ultra-violet  radiations  is  deter- 
mined directly  by  their  intensity  and  it  seems  to  be  a  logarithmic  func- 
tion. Furthermore,  it  should  be  stated  that  the  data  in  Fig.  2  are  based 
upon  observations  in  which  the  angle  of  incidence  of  the  radiations  is 
90°  and  in  quiet  clear  sea  water  free  of  suspended  matter.  The  trans- 
mission of  radiations  is  reduced  proportionately  as  the  angle  of  inci- 
dence decreases  and,  likewise,  when  the  surface  of  the  water  is  ruffled 
by  wind  or  wave  action.  Also,  the  penetration  is  materially  less  in  sea 
water  containing  organic  matter,  especially  if  the  latter  is  participate. 
Grimm  and  Weldert  (1911)  found  that  as  few  as  100  bacteria  per  cubic 
centimeter  great Iv  increased  the  absorption  of  ultra-violet  rays.  Work- 
ing at  sea,  Richardson  (1932)  observed  that  21  per  cent  of  the  incident 
ravs  of  sunlight  up  to  4800  A  is  absorbed  bv  the  first  5  nun.  of  sea 
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water,  and  it  will  be-  recalled   that  these  longer  wave  lengths  are   far 
more  penetrating  than  the  ultra-violet  rays. 

Incidentally,  it  may  be  of  interest  to  point  out  that  the  absorption 
oieflicients  of  ultra- violet  radiations  in  sea  water  are  much  greater  than 
in  fresh  water.  For  example,  the  absorption  coefficient  as  found  by 
Hulburt  (1928)  for  the  wave  length  of  3030  A  is  0.017  in  sea  water 
and  only  0.005  in  distilled  water,  which  means  that  the  incident  intensity 
of  this  radiation  will  be  reduced  to  18  per  cent  after  passing  through 
10  rin.  of  sea  water,  whereas  95  per  cent  of  it  will  penetrate  this  depth 
of  distilled  water.  In  natural  fresh  water  Buchner  (18(M)  noted  only 
a  feeble  lethal  action  of  sunlight  on  bacteria,  the  bactericidal  power 
penetrating  less  than  3  meters,  and  Jordan  Cl(>00)  found  that  in  river 
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water  the  sun's  rays  are  virtually  without  action.  Topley  and  Wilson 
(1928)  conclude  that  even  in  clear  water  it  is  doubtful  if  abiotic  rays 
are  active  for  a  distance  of  more  than  5  feet  from  the  surface  and,  due 
to  the  turbidity  and  constant  movement  of  water  in  nature  it  is  im- 
probable if  bacteria  are  subjected  to  the  influence  of  the  rays  for  suffi- 
cient time  to  kill  them. 

CONCLUSIONS 

Observations  on  the  vertical,  diurnal,  and  seasonal  distribution  of 
bacteria  in  the  sea  fail  to  show  evidence  of  a  lethal  action  of  sunlight. 
While  the  seasonal  fluctuation  in  the  bacterial  population  is  more  or 
less  inversely  proportional  to  the  intensity  of  sunlight,  it  is  recognized 
that  there  are  multifarious  interlinked  biological,  physical,  and  chemical 
factors  which  also  influence  the  bacterial  population  of  sea  water. 

Controlled  laboratory  experiments  reveal  that  at  this  latitude  sun- 
light has  a  feeble  lethal  action  on  bacteria  in  the  uppermost  few  milli- 
meters of  sea  water,  but  even  shallow  layers  of  sea  water  are  not 
sterilized  by  prolonged  exposure. 

Virtually  no  bactericidal  radiations  penetrate  sea  water  three  meters, 
and  the  intensity  is  materially  reduced  by  passage  through  10  cm.  of 
sea  water. 

APPENDIX 

While  the  data  summarized  in  Table  V  indicate  that  sunlight  does 
kill  bacteria  in  sea  water,  there  is  an  unavoidable  residual  error  or  vari- 
ability of  the  plate  counts  even  when  conditions  are  held  as  constant  as 
possible.  Therefore,  in  order  to  determine  details  regarding  quanti- 
tative relations,  and  to  estimate  their  statistical  significance,  the  follow- 
ing method  of  analysis  was  selected  as  being  appropriate : 

Assume  the  variability  of  the  counts  with  respect  to  time  to  be  inde- 
pendent of  the  depth.  Determine  the  statistical  significance  of  differ- 
ences between  the  variabilities  at  different  depths  using,  as  is  customary, 
the  standard  deviation,  or  S.D.,  for  an  index  of  the  variability.  Attri- 
bute to  changes  in  the  controlling  factor,  radiation,  any  differences  that 
could  not  reasonably  arise  as  a  result  of  the  sampling  or  residual  error. 
In  order  to  eliminate  the  effect  of  differences  in  the  initial  counts  of 
the  three  experiments,  all  results  of  each  experiment  were  expressed  in 
the  percentage  of  the  average  count  at  all  levels  for  that  experiment  at 
the  initial  time,  9:00  A.M.  The  average  results,  including  the  S.D. 
but  not  the  individual  counts,  are  presented  in  Table  VI.  Lethal  action 
of  sunlight  is  indicated  by  the  regular  decrease  of  the  S.D.  of  values 
exposed.  On  account  of  the  small  number  or  size  of  sample  in  each 
column,  tests  of  significance  should  be  made  in  accordance  with  theories 
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of  small  samples,  for  example,  that  of  Fisher  (1928).  There  are 
twelve  individual  observations  per  column  of  individual  counts  corre- 
sponding to  eleven  "  degrees  of  freedom,"  and,  according  to  Fisher's 
Table  VI.  the  natural  logarithm  of  the  ratio  of  any  two  S.D.'s  must 
exceed  0.52  for  chances  of  less  than  5  in  100,  and  exceed  0.75  for 
chances  of  less  than  1  in  100.  Accordingly,  comparing  the  S.D.,  25.6 
of  surface  values  exposed  with  the  S.D.,  14.5  of  bottom  values,  tin- 
chances  are  about  4  in  100.  Comparisons  of  anv  two  other  values  of 
the  S.D.  corresponding  to  the  exposed  jar  indicates  chances  exceeding 
5  in  100.  Comparisons  between  the  S.D.,  25.6,  of  surface  values  ex- 
posed with  the  S.D.,  10.2,  of  surface  values  covered,  gives  a  chance 
less  than  1  in  100.  The  difference  is  not  significant  at  the  10-cm.  level 

TABLE  VI 

Average  plate  counts  of  sea  water  in  three  experiments  in  battery  jars  at  different 
depths  with  and  without  exposure  to  sunlight  expressed  in  per  cent. 


Time  of 
taking  sample 

Covered 

Exposed 

Depth 

in  cm. 

Aver- 
age of 
rows 

Depth 

in  cm. 

Aver- 
age of 
rows 

9:00  A.  M 

105 
88 
81 
84 

105 
119 
78 
90 

100 
88 
96 
90 

93 

8.7 

90 

109 
91 
105 

100 
101 
88 
92 

109 
66 

55 
54 

108 
77 
82 
71 

89 
83 
80 
65 

94 
89 
80 
96 

100 

79 
74 

71 

1:00  P.M.. 

4:00  P.M..  . 

9:00  P.M.. 

Average  of 
columns  
S.D.  of  one 
observation.  .  . 

90 
10.2 

98 
20.2 

99 
13.5 

71 
25.6 

85 
21.5 

79 
16.4 

90 
14.5 

or  the  bottom,  but  at  the  JO  cm.  lr\cl  the  difference  between  16.4  and 
8.7  corresponds  to  a  chance  of  2  in  100. 

The  evidence  points  to  some  influence  producing  an  unexpectedly 
high  variability  at  the  10-cm.  level  in  the  covered  jar.  Adopting  14, 
corresponding  to  the  35-cm.  level  as  the  residual  S.D.  of  a  single  deter- 
mination, that  of  the  difference  between  averages  of  three  would  be 

X2 14=  =11.41. 


\/3 

Accordingly,  a  difference  of  twice  this,  or  22.8,  corresponds  to  the 
*  per  cent  level  and  2.6)  11.41  =29.6  corresponds  to  the  1  per  cent 
level  of  MLMiilicancr.  approximately  neglecting  corrections  for  sample 
sixe.  To  lake  into  account  the  effect  of  sample  sixe,  Fisher's  Table  IV 
should  be 
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THE  CHEMICAL  COMPOSITION   OF   THE   CRYSTALLINE 

STYLE  AND  OF  THE  GASTRIC  SHIELD:  WITH  SOME 

NEW  OBSERVATIONS  ON  THE  OCCURRENCE  OF 

THE  STYLE  OXIDASE 

C.  BERKELEY 

(Prom  the  Pacific  Biological  Station.  Xniiiiiino.  B.  C.) 

THE  CRYSTALLINE  STYLE 

The  chemical  nature  of  the  crystalline  style  in  the  lamellihranchs  has 
interested  observers  from  quite  early  times.  Nelson  (1918)  gives  an 
excellent  summary  of  the  opinions  held  on  the  subject  up  to  the  time  of 
the  publication  of  his  paper  and  concludes  that  the  style  is  "  a  structure 
of  colloid  nature  resembling  mucin." 

The  view  that  the  constitution  of  the  material  of  the  style  resembles 
that  of  mucin  seems  to  have  originated  with  Barrois  (1889),  who 
showed  in  the  case  of  Car  din  in  that  it  behaved  like  a  globulin  in  respect 
of  its  solubility  and  chemical  reactions,  but  also  had  the  property  of 
yielding  a  reducing  substance  on  Ifydrolysis  with  dilute  acid.  In  the 
absence  of  carbohydrate  substances  capable  of  yielding  a  sugar  on 
hydrolysis  he  concluded  that  this  indicated  the  presence  of  mucin  or 
chondrin.  This  conclusion  is  quoted  in  some  of  the  early  papers  in 
which  the  constitution  of  the  style  of  other  lamellibranchs  is  discussed 
(e.g..  List,  1902,  in  the  case  of  Mytilus,  and  Yonge,  1926,  in  that  of 
Ostrca),  but  without  presentation  of  any  further  evidence.  More  re- 
cently reference  to  mucin  is  omitted  and  the  substance  of  the  style  is 
regarded  as  "  a  protein  of  a  globulin  nature  "  (Yonge,  1931  and  1932). 
Previously  to  undertaking  the  present  work  I  had  myself  completely 
confirmed  Barrois'  observations  in  the  case  of  a  number  of  species,  but 
his  conclusion  did  not  seem  justified  in  the  absence  of  more  complete 
knowledge  of  the  nature  of  the  reducing  substances  resulting  from  the 
hydrolysis  of  the  style  material.  Any  glucoprotein  would,  for  instance, 
react  in  the  manner  indicated  and  no  case  is  made  out  for  mucin  or 
chondrin  in  particular. 

A  good  deal  of  confusion  existed  as  to  the  respective  meanings  of 
these  two  terms  until  the  matter  was  clarified  by  the  work  of  Levene 
and  his  co-workers  (1922).  While  formerly  substances  were  classified 
as  chondrins  or  mucins  largely  on  the  basis  of  their  physiological  origin 
and  physical  condition,  provided  they  had  the  chemical  properties  of 

107 


108  C.  BERKELEY 

proteins  coupled  with  that  of  yielding  a  reducing  substance  on  acid 
hydrolysis,  the  terms  have  now  a  definite  chemical  significance.  In  both 
cases  the  protein  radicle  is  combined  with  a  complex  acid  radicle,  in 
that  of  the  chondrins  chondroitin  sulphuric  acid,  in  that  of  the  mucins 
mucoitin  sulphuric  acid.  'Both  of  these  acids  yield  on  acid  hydrolysis 
glucuronic  acid,  sulphuric  acid,  and  an  acetylated  hexosamine.  in  the 
former  case  acetyl-galactosamine.  in  the  latter  acetyl-glucosamine.  The 
presence  of  either  mucin  or  chondrin  can.  accordingly,  be  definitely 
established  by  the  detection  of  these  substances  among  the  products  of 
hydrolysis. 

The  styles  of  the  following  four  species  of  lamellibranch  have  been 
examined  from  this  point  of  view:  Schizothccrus  nuttalli,  Mya  arcnaria, 
Ostrca  gigas,  and  Sa.vidoinus  gigantcus.  These  four  species  were  se- 
lected partly  because  of  their  large  size  and  ready  availability  in  suffi- 
cient quantity  to  supply  enough  material  for  analysis,  and  partly  because 
they  exemplify  two  distinct  types  of  crystalline  style.  Those  of  the 
two  first-named  species  are  very  solid  in  texture,  dissolve  only  slowly 
in  distilled  water,  and  remain  practically  intact  when  the  animals  are 
kept  under  adverse  conditions  even  until  death  ensues.  Those  of  the 
two  last-named  species,  on  the  contrary,  are  of  a  much  less  solid  texture, 
dissolve  readilv  in  distilled  water,  and  disappear  very  rapidlv  when  the 
animals  are  kept  out  of  water.  In  the  cases  of  all  three  species  of 
"clam"  the  styles  wrere  removed  immediately  after  the  animals  were 
dug,  dried  in  a  water-oven  to  constant  weight,  and  stored  for  analysis. 
In  that  of  the  oyster  this  procedure  could  not  be  followed  exactly  be- 
cause it  was  so  frequently  found  that  the  style  had  already  begun  to 
soften,  or  had  entirely  disappeared,  in  animals  left  exposed  on  the  beds 
by  the  receding  tide.  In  this  case,  therefore,  the  animals  were  lifted 
into  a  large  floating  perforated  tray  and  left  there  for  some  hours  until 
the  styles  were  found  fully  developed.  These  were  removed  immedi- 
ately after  the  oyster  was  taken  from  the  water  and  stored  in  alcohol 
until  the}'  could  be  transferred  to  the  drying  oven. 

GLUCURONIC  ACID 

'  jlucuronic  acid  is  readilv  detected  in  solutions  containing  relatively 
little  other  organic  matter  by  its  property  of  yielding  furfurol  on  boiling 
with  hydrochloric  acid.  In  the  presence  of  any  of  several  polyvalent 
phenolic  substances  furfurol  gives  a  series  of  highly  colored  com- 
pounds. To  the  solution  under  test  an  e<|tial  volume  of  concentrated 
hydrochloric-  arid  is  added  and  a  trace  of  phloroglucin  or  orcin  ;  on 
boiling  a  violet  n-d  eolor  develops  with  the  former  reagent,  a  violet- 
bine  with  the  latter. 
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In  application  to  crystalline  style  material  this  test  gave  inconclusive 
results  since  charring  of  the  protein  darkened  the  solutions  too  much 
for  color-reading  to  he  possible-.  As  used  quantitatively,  this  difficulty 
is  overcome  by  distilling  off  the  furfurol  produced,  which  can  be  readily 
recognised  in  the  distillate  by  allowing  a  drop  to  fall  upon  aniline-acetate 
test  paper  with  which  it  gives  a  bright  cherry  red  coloration.  By  this 
means  positive  results  were  obtained  from  the  crystalline  styles  of  each 
of  the  four  species  under  consideration.  A  quantitative  comparison  was 
therefore  made  between  them  by  continuing  the  distillation  in  each  case 
until  no  more  furfurol  was  produced,  precipitating  it  from  the  distillate 
with  phloroglucin,  and  weighing  as  phloroglucide.  The  detailed  pro- 
cedure was  that  of  the  method  of  Tollens  and  Krober  for  the  determina- 
tion of  furfurol  derived  from  pentoses  and  the  results  in  Table  I  are 
calculated  from  the  phloroglucide  by  Krober's  factor  (Browne,  1912). 

TABLE  I 


Species 

Weight  of  Material 

Furfurol 

Furfurol 

Schizothaerus  nutalli  . 

5758 

007083 

per  cent 

1  23 

My  a  arenaria  .... 

.5939 

007134 

1  20 

Ostrea  gigas  

.3890 

.004343 

1.11 

Saxidomus  giganteus  

.4784 

.004653 

.97 

The  four  species  thus  approximate  to  one  another  in  furfurol-yield- 
ing  capacity,  and  hence  in  the  glucuronic  acid  content,  of  their  crystalline 
styles,  but  such  difference  as  occurs  indicates  a  consistently  lower  con- 
tent in  the  more  soluble  styles. 

GLUCOSAMINE 

The  method  described  by  Elson  and  Morgan  (1933)  for  the  deter- 
mination of  glucosamine  and  chondrosamine  was  applied  qualitatively 
to  all  the  acid  residues  from  which  the  furfurol  had  been  distilled  in  the 
determinations  of  glucuronic  acid  described  in  the  previous  paragraph. 
If  mucin  or  chondrin  were  present  in  the  crystalline  style,  it  was  antici- 
pated that  the  corresponding  amino  sugar  would  remain  in  the  solutions 
as  hydrochloride  after  boiling  with  hydrochloric  acid.  For  this  reason 
the  method  of  Elson  and  Morgan  for  glucosamine  and  chondrosamine 
was  employed  rather  than  the  modification  for  the  estimation  of  the 
acetylated  compounds  described  in  their  later  paper  (1934).  The  solu- 
tions were  made  up  to  equal  volume  and  5  cc.  of  each  was  neutralised, 
filtered,  and  submitted  to  the  test.  In  each  case  a  positive  reaction  was 
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obtained  while  a  blank  test  with  the  reagents  remained  entirely  color- 
less. 

A  comparison  was  made  quantitatively  between  the  style  of  Ostrea 
gigas  and  that  of  Schizothccrus  inttalli.  The  residual  solutions  from  the 
furfurol  distillations  were  again  used  for  this  purpose.  It  was  neces- 
sity in  the  first  place  to  ensure  that  all  the  amine  present  had  been  set 
free  from  combination.  To  this  end  5  cc.  of  each  of  the  solutions  was 
evaporated  to  small  volume  and  the  residue  taken  up  with  5  cc.  con- 
centrated HC1  and  heated  in  a  boiling  water  bath  for  two  hours  under 
a  reflux  condenser.  The  resulting  solutions  were  neutralised  and  fil- 
tered, whereby  only  slightly  colored  filtrates  were  obtained,  and  the 
depth  of  color  developed  in  Klson  and  Morgan's  test  compared  with 
that  from  5  cc.  of  the-  original  solution  after  neutralisation  and  filtration. 
All  the  filtrates  were  made  up  to  like  volume  before  applying  the  test. 
In  neither  case  could  any  alteration  in  the  depth  of  color  be  detected 
as  a  result  of  the  further  heating  with  IR'l.  It  was  concluded,  there- 
fore, that  the  hydrolysis  had  already  reached  a  maximum  in  respect  of 
the  amine  constituent  in  the  residues  from  the  furfurol  determinations. 
Comparison  was  accordingly  made  between  the  solutions  without  further 
hydrolysis. 

The  weights  of  Ostrcn  and  Schisothcerus  material  respectively  taken 
for  the  furfurol  determinations  were  almost  exactly  in  the  ratio  of 
1:1.5  (see  table),  so  that  volumes  of  the  residual  solutions  taken  in 
this  ratio  represented  equal  weights  ot  material.  Accordingly  5  cc.  of 
the  solution  obtained  from  Schisothcerus  and  7.5  of  that  from  Ostrea 
were  withdrawn,  neutralised,  filtered,  tin-  filtrates  made  up  to  equal 
volume,  and  tested.  Very  little  difference  could  be  detected  in  the 
colors  developed  on  standing,  indicating  a  practical  equality  in  the 
glucosamine  content  in  the  styles  of  the  two  species. 

SULPHURIC  AND  ACKTIC  ACIDS 

A  series  of  experiments  parallel  to  those  described  in  the  foregoing 
paragraph  was  carried  out  with  the  residues  from  the-  furfurol  distilla- 
tion-, for  the  detection  and  attempted  estimation  of  sulphuric  acid, 
substituting  precipitation  with  barium  chloride  in  acid  solution  for  the 
F.I  sou  and  Morgan  test. 

All  the  solutions  gave  positive  reactions,  but  the  amounts  of  precipi- 
tate obtained  from  5-cc.  samples  were  very  small  and.  in  the  case  of 
Ostrea,  only  just  detectable.  In  25-cc.  samples  the  precipitates  were 
still  too  small  to  determine  gravimetrically  and  further  hydrolysis  led 
to  no  perceptible  increase  in  the  amounts.  Attempts  at  quantitative 
determination  were  therefore  abandoned,  but  rough  estimates  were  made 
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by  eye  of  the  relative  amounts  of  precipitate  obtained  from  aliquots  of 
the  four  solutions  representing  equal  weights  of  material.  These 
pointed  fairly  definitely  to  the  presence  of  more  sulphuric  acid  in  the 
styles  of  Schisothcerus  and  I\fya  than  in  those  of  Saxidoinus  and  Ostrea, 
the  last  named  being  markedly  the  poorest  in  that  constituent. 

No  attempt  was  made  to  detect  the  acetic  acid  radicle  in  the  residues 
from  the  furfurol  determinations.  There  is  no  method  by  which  the 
trace  whose  occurrence  would  be  anticipated  from  the  small  amount  of 
material  taken  for  analysis  could  be  recognised  with  certainty  in  the 
presence  of  the  relatively  large  amount  of  hydrochloric  acid. 

DISCUSSION 

It  has  thus  been  shown  that  the  crystalline  styles  of  the  four  species 
investigated  contain  the  essential  constituents  of  the  acids  characteristic 
of  mucin  and  chondrin.  Elson  and  Morgan's  test  does  not  serve  to 
differentiate  glucosamine  and  chondrosamine,  the  respective  amino  sug- 
ars of  these  two  acids,  so  that  a  definite  conclusion  cannot  be  drawn  as 
to  which  of  them  is  present  in  the  style.  A  great  deal  more  material 
than  could  readily  be  obtained  would  be  necessary  for  this  purpose,  but, 
judging  by  its  solubility  and  ease  of  hydrolysis  with  acid,  it  is  extremely 
probable  that  mucin  rather  than  chondrin  is  involved. 

There  seem  to  be  some  slight  differences  in  the  composition  of  the 
styles  of  the  four  species  investigated,  those  of  Schisothcerus  and  Ostrea, 
for  instance,  agreeing  very  closely  in  their  content  of  glucosamine,  but 
differing  in  that  of  glucuronic  and  sulphuric  acids.  This  suggests  that 
the  material  consists  of  a  mixture  of  mucin  and  a  glucoprotein  having 
glucosamine  as  its  carbohydrate  constituent ;  or,  in  other  words,  of  a 
glucosamine  glucoprotein  a  variable  part  of  which  is  united  with  mu- 
coitin  sulphuric  acid  to  form  mucin. 

If  this  be  so,  the  differences  in  solubility  of  the  styles  in  various  spe- 
cies may  be  associated  with  their  content  of  mucin.  Yonge  (1932)  has 
shown  that  the  readiness  with  which  the  style  disappears  when  the  living 
animals  are  exposed  to  adverse  conditions  can  be  correlated  with  the 
presence  or  absence  of  a  separate  style-sac;  those  species  in  which  this 
is  not  present  losing  their  styles  more  readily,  when  the  secretion  of  the 
style  material  is  inhibited,  owing  to  their  exposure  to  the  solvent  action 
of  the  digestive  fluid  of  the  stomach  and  intestine.  While  this  is  un- 
doubtedly the  case,  it  does  not  seem  to  explain  the  variation  in  solubility 
of  the  styles  of  various  species  when  removed  from  the  animal  and 
placed  in  distilled  water.  Schisothcerus  affords  an  instance  of  an  animal 
with  a  complete  style-sac,  Ostrea  of  one  with  none.  In  the  former  case, 
the  style  persists  after  long  periods  of  adverse  conditions,  in  the.  latter 
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it  disappears  very  rapidly;  but,  as  has  been  pointed  out,  the  style  of 
Schizotharus  dissolves  very  slowly  in  distilled  water  and  that  of  Ostrca 
very  quickly  and  the  former  appears  to  have  a  greater  amount  of  its 
glucoprotein  in  mucin  combination.  Chemical  composition,  therefore, 
may  also  be  a  factor  in  the  solubility  of  the  style  material  and  influence 
its  rate  of  disappearance  in  adverse  circumstances  under  the  action  of 
tin-  digestive  fluid. 

THE  GASTRIC  SHIELD 

The  only  statement  1  have  been  able  to  trace  in  connection  with  the 
chemical  composition  of  the  gastric  shield  is  that  of  Nelson  (1918). 
'  From  its  consistency  and  action  toward  common  reagents  "  this  author 
concludes  "  it  is  probably  in  the  nature  of  chondrin."  This  conclusion 
is  quoted  by  Yonge  (1926)  in  support  of  his  view  that  "the  gastric 
shield  is  not  a  secretion,  but  is  formed  by  the  fusion  of  cilia,  originally 
in  response  to  the  irritation  caused  by  the  head  of  the  style." 

Schizothcents  mitalli  has  a  large  gastric  shield  readily  separable  from 
the  stomach  wall  and  it  was  obtainable  in  fairly  large  quantity.  It  was 
therefore  taken  for  investigation. 

It  was  found  at  an  early  stage  that  the  shield  could  be  boiled  with 
60  per  cent  potash  without  dissolving  or  undergoing  appreciable  de- 
composition, the  structure  preserving  its  characteristic  shape  even  after 
prolonged  boiling  and  standing.  This  rendered  a  chondrin-likc  compo- 
sition extremely  doubtful  since  all  chondroid  substances  hitherto  in- 
vestigated have  been  found  to  hydrolyse  on  alkaline  digestion.  Chit  in 
seemed  to  IK-  the  compound  having  the  property  of  resisting  attack  by 
strong  alkali  most  likely  to  occur  in  the  situation  in  which  the  gastric 
shield  is  found  and  the  material  was  accordingly  examined  from  this 
standpoint.  After  boiling  for  some  time  with  60  per  cent  potash,  it 
was  thoroughly  washed  and  dried.  It  was  then  found  to  give  the 
reaction  characteristic  of  chitin  with  sulphuric  acid  and  iodine  and  to 
dissolve  readily  in  boiling  concentrated  hydrochloric  acid.  The  solu- 
tion in  hydrochloric  acid  gave  off  ammonia  on  making  alkaline  and 
boiling,  it  had  a  strong  reducing  action  on  Kehling's  solution,  and 
i;avi-  a  crystalline  osazone  with  phenylhydrazine.  All  these  tests  pointed 
to  chitin.  Kinally  some  of  the  material  was  submitted  to  the  treatment 
des(  rilied  in  the  earlier  part  of  this  paper  for  identifying  the  constituents 
oi  tin-  (T\stalline  stvle.  On  boiling  with  hydrochloric  acid  and  distil- 
ling, no  I'urt'urol  could  be  detected  in  the  distillate.  The  residual  solu- 
tion gave  no  reaction  for  sulphuric  acid,  but  the  presence  of  glucosamine 
was  shown  by  the  test  of  F.lson  and  Morgan.  Chitin  consists  of  poly- 
merised acetl  jjni •o-uniine.  There  is  thus  no  doubt  that  the  substance 
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of  which  the  gastric  shield  is  composed  is  chitin  and  that  it  contains  no 
chondrin-like  constituent. 

Nelson's  (1918)  observation  that  the-  gastric  shield  gives  the  hiuret 
test  and  breaks  up  in  the  process  under  the  action  of  the  strong  alkali 
employed  is  probably  to  be  attributed  to  an  incomplete  separation  of  the 
adjacent  tissues  and  of  the  substance  of  the  crystalline  style  which  is 
always  more  or  less  adherent  to  it. 

As  bearing  on  Yonge's  (1926)  view  of  the  origin  of  the  gastric- 
shield,  it  is  of  interest  to  speculate  whether  the  shield  may  not  be  de- 
rived from  the  substance  of  the  style  itself.  From  the  chemical  stand- 
point it  does  not  seem  impossible  that  chitin  could  be  formed  from 
mucin  by  the  elimination  of  glucuronic  and  sulphuric  acids  from  mu- 
coitin-sulphuric  acid  and  polymerisation  of  the  remaining  acetyl  gluco- 
samine.  The  related  compositions  of  mucin  and  chitin  have  previously 
been  discussed  from  this  point  of  view  by  Matthews  (1916),  who  draws 
attention  to  the  occurrence  in  large  quantity  of  mucin  in  the  skin  of  the 
lower  vertebrates  and  of  chitin  in  the  hard  covering  of  the  arthropods 
and  considers  that  the  "  facts  are  of  interest  in  the  light  of  the  theory 
of  Gaskell  and  Patten  that  the  arthropods  were  the  ancestors  of  the 
vertebrates." 

THE  STYLE  OXIDASE 

The  occurrence  of  an  oxidase  system  in  the  crystalline  style  of  the 
lamellibranchs  has  hitherto  been  recorded  in  the  cases  of  thirteen  species 
which  I  have  enumerated  in  a  previous  paper  (Berkeley,  1933).  Two 
more,  Panope  gcnorosa  and  Pholadidca  pcnita,  may  now  be  added  to 
the  list.  I  have  recently  detected  considerable  oxidase  activity  in  solu- 
tions of  the  styles  of  both  of  these.  The  oxidase  has  now  been  observed 
in  a  sufficiently  large  range  of  families  to  render  it  extremely  probable 
that  its  occurrence  is  general  throughout  the  lamellibranchs. 

The  presence  of  the  oxidase  has  not,  hitherto,  been  recorded  in  the 
style  of  any  species  of  gastropod.  Unlike  the  case  of  the  lamellibranchs, 
the  style  is  by  no  means  of  general  occurrence  in  the  gastropods.  Its 
presence  has,  in  fact,  been  observed  in  onlv  a  very  limited  number  of 
genera.  Yonge  (1932)  gives  a  complete  list  of  these  and  points  out 
that  the  style  occurs  only  in  such  gastropods  as  are  herbivores  and  which 
"  either  by  ciliary  currents  or  by  a  radula,  pass  a  continuous  supply  of 
finely  divided  food  to  the  stomach." 

The  only  large  marine  species  among  them  which  I  have  been  able 
to  obtain  in  a  living  condition  is  Crepidula  fornicata.  This  species  is 
common  in  the  oyster  beds  at  Olympia.  Washington,  whence  a  number 
of  live  specimens  were  recently  obtained.  On  arrival,  some  24  hours 
after  being  taken  from  the  beds,  none  of  those  opened  had  any  crystal- 
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line  styles.  After  being  kept  in  the  sea  for  some  days,  a  large  number 
died,  but  all  the  survivors  contained  styles  and  supplied  sufficient  mate- 
rial to  enable  me  to  carry  out  a  series  of  oxidase  tests.  The  results  of 
these  were  quite  definitely  positive. 

SUMMARY 

The  crystalline  styles  of  four  species  of  lamellibranch  have  been 
examined  chemically  to  determine  whether  the  material  is  entirely  pro- 
tein in  nature  or  contains  mucin  or  chondrin. 

The  material  yields  on  acid  hydrolysis,  glucuronic  acid,  sulphuric 
acid  and  a  hexosamine,  in  addition  to  protein.  It  therefore  contains 
all  the  essential  constituents  of  mucin  or  chondrin.  The  solubility  and 
ease  of  hydrolysis  of  the  material  suggest  that  mucin  rather  than  chon- 
drin is  involved. 

The  composition  of  tin-  styles  is  not  quantitatively  identical  in  the 
four  species  examined,  but  varies  in  such  a  way  as  to  suggest  that  the 
less  readily  soluble  styles  contain  the  larger  quantity  of  mucin. 

The  material  of  which  the  gastric  shield  is  composed  is  found  to 
be  chitin. 

The  oxidase  system  previously  recorded  in  the  styles  of  a  number 
of  lamellibranchs  is  now  shown  to  occur  in  two  more  species.  It  is 
also  found  to  be  present  in  that  of  the  gastropod,  Crepidula  fornicata. 
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A  QUANTITATIVE  STUDY  OF  THE  VERTICAL  DISTRIBU- 
TION OF  THE  LARGER  ZOOPLANKTON  IN 
DEEP  WATER 

BENJAMIN  B.  LEAV1TT 
(From  the  Woods  Hole  Occanoi/ni^hic  Institution,1  Woods  Hole,  Massachusetts') 

It  is  now  generally  accepted  that  all  depths  of  the  ocean  are  inhabited 
(Murray  and  Hjort,  1912,  Chap.  IX),  but  the  variations  in  the  amount 
of  plankton  at  different  depths  have  not  yet  been  investigated  thor- 
oughly. The  data  herein  presented  are  meagre  but  so  little  actually 
pertinent  data  have  been  gathered  previously  that  they  are  more  valuable 
than  their  paucity  might  suggest. 

During  the  summer  of  1933,  investigation  was  undertaken  of  the 
quantitative  vertical  distribution  of  pelagic  animals  in  deep  water  in 
the  offing  of  Woods  Hole.  It  is  believed  that  the  nets  used  (stramin, 
6  threads  per  centimeter)  are  as  adequate  as  any  gear  yet  devised  for 
sampling  the  invertebrate  communities  as  a  whole,  including  the  bathy- 
pelagic  fishes  up  to  a  size  of  six  inches  or  so  in  length.  Obviously  the 
giant  squids  and  active  large  fishes  are  not  proper  quarry  for  tow  nets. 
The  micro-zooplankton  is  not  caught  in  nets  of  such  coarse  mesh ;  very 
different  methods  must  be  applied  to  the  investigation  of  microscopic 
forms. 

It  has  been  possible  to  measure  the  total  volumes  of  all  the  catches 
and  to  identify  and  count  all  the  Euphausiacea.  It  is  hoped  that  in  the 
near  future  the  species  of  other  groups  of  animals  may  be  identified 
and  the  various  problems  of  distribution  concerning  them  may  be  at- 
tacked. 

Work  at  sea  was  carried  on  aboard  the  research  vessel  "  Atlantis." 
The  collections  were  made  100  to  300  miles  south  and  east  of  Woods 
Hole.  The  locations  of  the  stations  were  as  follows:  No.  1733  (36° 
54'  N.  and  68°  15'  W.  to  36°  35'  N.  and  68°  33'  W.)  July  27-28,  1933 ; 
2500  fathoms.  No.  1735  (36°  50'  N.  and  69°  16'  W.  to  36°  50'  N. 
and  68°  52'  W.)  July  28-29,  1933;  2500  fathoms.  No.  1737  (39° 
29'  N.  and  70°  14'  W.  to  39°  46'  N.  and  70°  09'  W.)  July  30-31,  1933 ; 
1200  fathoms.  No.  1739  (39°  42'  N.  and  67°  04'  W.)  August  12-18, 
1933;  2009  fathoms.  Of  these  four  stations,  one  (1733)  was  located 
in  the  offshore  edge  of  the  Gulf  Stream;  one  (1735)  in  the  axis  of  the 
latter;  and  one  (1737)  in  slope  water  inshore  from  it.  The  August 
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station  (1739)  was  just  outside  the  continental  slope  well  inshore  from 
the  edge  of  the  stream. 

Because  of  the  danger  of  contamination  always  present  when  open 
nets  are  used,  it  has  long  been  appreciated  that  for  the  collection  of 
the  larger  planktonic  animals  from  a  known  depth  nets  are  needed  that 
can  be  lowered  closed  to  the  desired  depths,  then  opened,  towed  hori- 
zontally the  desired  period  of  time,  then  again  closed  before  being 
hoisted.  It  is  also  desirable  to  use  several  nets  simultaneously  in  series 
on  the  wire  in  order  to  save  time  and  to  eliminate  changes  of  location 
or  speed,  and  other  variable  conditions.  Many  attempts  have  been 
made  to  perfect  gear  of  this  sort.  Chun  (  1888.  1903),  Agassiz  (1888), 
Fowler  (1898),  Kofoid  (1905).  Bigelow  (1913),  Ostenfeld  and  Jesper- 
sen  (1924),  Kemp,  Hardy,  and  Mackintosh  (1929),  Harvey  (1934), 
and  others  have  devised  and  used  closing  nets  of  one  kind  or  another. 
But,  for  technical  reasons,  none  have  yet  been  generally  used,  even  on 
major  deep  sea  expeditions;  and  for  that  reason,  many  of  the  published 
statements  as  to  the  vertical  distribution  of  bathypelagic  animals  have 
rested  on  meagre  evidence. 

Kofoid  (1911)  gives  a  very  good  resume  of  the  various  causes  for 
the  failure  of  most  of  the  earlier  attempts  with  closing  nets.  Some  of 
the  nets  were  too  complex  and  delicate  for  the  rough  work  at  sea;  some 
were  too  expensive  for  routine  use;  some  were  designed  to  be  lowered 
open;  some  were  to  hang  from  the  end  of  the  wire  and  so  could  not  be 
used  in  series;  some  were  useful  only  for  vertical  tows,  not  for  hori- 
zontal; and  some  wen-  too  small  for  the  capture  of  the  more  active 
forms.  Kofoid's  own  net  was  considered  too  small  and  too  expensive 
for  the  present  investigations. 

To  send  down  open  tow  nets  to  different  depths  and.  by  the  dif- 
ferentiation of  their  contents,  to  assume  that  the  differences  in  the 
catches  reflect  the  differences  in  bathymetrical  ranges  of  the  species 
obtained  is  of  practical  application  only  in  reasonably  shallow  tows. 
This  method  not  only  involves  the  necessity  of  a  great  many  hauls  in 
order  to  formulate  significant  conclusions,  which  in  itself  is  enough  to 
make  it  impractical  in  deep  water,  but  the  tremendous  increases  in  con- 
tamination of  deep  tows  by  animals  from  the  upper  levels  render  this 
method  completely  valueless  there. 

Tlu  nets  and  releasing  device  described  in  Xansen  (1915)  would 
not  serve  our  purposes  as  they  are  designed  to  be  lowered  open  and 
as  onlv  one  net  can  be  used  on  the  win-  at  one  time.  The  nets  and 
releasing  de\iee  described  by  Ostenfeld  and  Jespersen  (1924)  are  mod- 
eled after  these  and.  whereas  improvements  have  been  made,  the  entire 
apparatus  is  de-i-ned  for  other  purposes  and  is  not  applicable  to  the 
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investigation  of  the  quantitative  distribution  <>!"  bathypelagic  ])lankton 
in  the  open  sea. 

The  "  Discovery  "  investigators  have  tried  various  kinds  of  plankton 
nets  and  have  also  done  some  experimentation  with  releasing  devices. 
The  closing  mechanism  employed  with  their  large  nets  is  elaborate  and 
expensive,  and,  as  they  point  out  (Kemp,  Hardy,  and  Mackintosh,  1929, 
p.  196).  "  the  results  obtained  with  these  large  horizontal  nets  were  not 
always  satisfactory." 

The  releasing  and  towing  mechanism  used  by  Harvey  (1934)  is  not 
of  adequately  rugged  construction  and  the  principles  on  which  it  works 
prohibit  its  use  with  the  large  strains  involved  with  two-meter  nets. 

A  closing  net  to  be  adapted  for  the  collection  of  zooplankton  at 
great  depths  should  meet  the  following  requirements:  (a)  suitable  for 
horizontal  tows  in  order  that  one  particular  depth  may  be  investigated 
and  that  a  fair  quantity  from  this  depth  be  obtained;  (/;)  suitable  for 
use  in  series  so  that  data  on  different  depths  may  be  gathered  contempo- 
raneously;  (c)  easy  to  handle;  (rf)  inexpensive;  (c)  large  enough  to 
catch  an  appreciable  amount  of  material  at  depths  where  life  is  not 
abundant  and  to  catch  large  and  active  forms  such  as  Euphausiids, 
decapods,  etc.;  (/)  strong;  (g)  adapted  to  tow  at  one  level,  i.e.,  that 
at  which  it  is  opened. 

The  development  of  suitable  gear  required  considerable  experiment. 
It  was  thought  at  the  outset  that  one-meter  closing  nets  of  the  type  de- 
scribed by  Bigelow  (1913)  would  be  satisfactory,  and  these  were  used 
at  Stations  1733,  1735,  and  1737.  While  the  releasing  device  (since 
improved)  had  a  few  minor  weaknesses  which  caused  some  of  the  hauls 
to  fail,  on  the  whole  this  net  worked  well,  and  there  is  no  reason  to 
believe  that  most  of  the  hauls  made  with  it  are  not  dependable  samples 
of  the  faunas  living  at  the  depths  where  obtained.  Mechanical  diffi- 
culties, however,  limit  the  use  of  this  net  to  small  sizes,  and  the  catches 
obtained  with  it  were  so  small  as  to  point  to  the  need  of  larger  nets. 

A  system  was  therefore  devised  for  the  use  of  a  two-meter  net, 
opened  and  closed  by  a  single  draw-string  (Fig.  1,  />.  a.  r),  operating 
through  the  mouth  from  the  inside. 

When  lowered,  the  net  is  hung  from  the  primary  release  (/,)  on  the 
releasing  device  by  an  eye  (a)  spliced  into  the  draw-line.  The  draw- 
line  (b  a  r)  is  attached  to  a  ring  of  rope  (c  g  r )  which  passes  through 
two  eyes  in  the  canvas  belly  band  surrounding  the  net  and  thence 
through  a  series  of  rings  fastened  on  the  outside  of  the  latter.  While 
the  net  is  being  raised  or  lowered  closed,  the  front  part  of  the  net  itself 
is  everted  through  the  month  to  form  a  cone  (Fig.  1,  A  and  C}.  When 
the  primary  release  (/,)  is  tripped  by  the  first  messenger,  the  eye  (a)  is 
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cast  off  and  the  force  of  the  water,  pouring  against  the  mouth  of  the 
net  as  the  ship  moves  ahead,  forces  the  net  open,  the  pursing  line  slipping 
freely  through  the  rings  on  the  outside  of  the  holly  band.  The  pull  of 
the  net  then  comes  onto  the  towing  line  (d  c)  connected  with  the  bridles 
(c  /)  (Fig.  1,  B).  While  towing,  the  draw-line  (b  a  c)  is  so  slack' 
that  the  net  opens  out  and  operates.  After  the  net  has  towed  open  for 
the  allotted  time,  a  second  messenger  is  dispatched  which  trips  the  sec- 
ondary release  (/._>),  the  towing  line  is  thus  cast  off,  and  the  net  comes 
again  onto  the  draw-line  (b  a  c),  the  end  of  which  is  permanently 
fast  to  the  releasing  device.  The  pull  on  the  draw-line  then  operates 
the  pursing  line  around  the  middle  of  the  net  and  it  is  thus  closed  (Fig. 
1,  C). 

When  tows  with  two-meter  nets  are  made  from  the  "  Atlantis,"  it  is 
found  most  practical  to  use  the  Vi"  cable  with  an  eight  hundred  pound 
weight  on  the  end,  to  aid  in  keeping  a  low  wire  angle. 

After  some  experiments  with  the  gear,  we  succeeded  in  making 
twenty-nine  deep  hauls  which  may  be  dealt  with  from  a  quantitative 
point  of  view. 

The  tows  at  Station  1739  were  all  made  in  an  oblique  manner 
through  a  given  stratum  of  water,  by  hauling  in  a  prescribed  number 
of  meters  of  wire  every  five  minutes  in  such  a  way  that  the  duration 
of  the  tow  was  approximately  two  hours  in  most  cases.  At  the  other 
three  stations,  all  tows  were  horizontal.  The  best  speed  at  which  to 
tow,  keep  a  reasonably  small  wire  angle,  and  have  the  net  strain  the 
water  well,  is  about  one  and  one  half  to  two  miles  an  hour.  This  speed 
was  maintained  in  so  far  as  possible  for  all  tows,  which  in  turn  means 
that  the  corrected  quantity  of  plankton  caught  is  roughly  that  contained 
in  a  column  of  water  two  meters  in  diameter  and  four  miles  long. 

The  exact  geographic  position  where  each  tow  began  and  ended  is 
not  recorded  here,  since  it  may  be  assumed  that  hydrologic  conditions 
were  reasonably  constant  within  the  region  designated  by  the  one  de- 
termination of  latitude  and  longitude  given  above  for  each  station.  Care 
was  taken  not  to  run  far  from  the  given  positions,  and  tows  were  made 
in  different  directions,  thus  confining  them  all  to  an  area  not  too  ex- 
tensive. 

The  catch  from  each  tow,  after  the  removal  of  any  unusual,  large, 
or  delicate  specimens,  was  anaesthetized  by  the  addition  of  a  saturated 
solution  of  chloretone  and  subsequently  preserved  in  dilute  formalin. 
Anaesthetizing  plankton  before  preservation  has  proven  wise  in  view 
of  the  fact  that  many  planktonic  animals,  particularly  the  Crustacea,  are 
endowed  with  the  powers  of  autotomy,  and  so  if  placed  directly  in  an 
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irritating  preservative,  may  cast  off  parts  which  are  of  importance  in 
species  determination. 

In  ascertaining  the  volume  of  plankton  in  a  given  tow,  the  entire 
catch  is  placed  mi  a  silk  bolting  cloth  strainer  and  allowed  to  drain,  hut 
not  to  dry.  It  is  then  added  to  a  known  quantity  of  preservative  in  a 
.graduated  cylinder  and  the  displacement  volume  of  the  animals  is  deter- 
mined hy  subtracting  the  known  from  the  total. 

The  preliminary  sorting  and  counting  were  done  hy  the  methods  used 
hy  Mackintosh  in  dealing  with  the  macro-zooplankton  in  the  Atlantic 
sector  of  the  Antarctic  (Mackintosh,  1934.  pp.  70-72). 

As  differences  in  size  of  mesh  of  the  nets,  in  speed  of  towing  through 
the  water  etc.  all  cause  differences  in  the  amount  of  plankton  caught, 
it  is  obvious  that  uniformity  of  procedure  is  essential  if  the  results  of 
different  hauls  are  to  he  directly  comparable  one  with  another.  The 
preliminary  hauls  here  discussed,  in  which  it  was  necessary  to  experi- 
ment with  various  nets  and  with  various  towing  speeds,  obviously  do 
not  meet  the  above  standard.  Therefore,  to  express  the  relative  abun- 
dance 1  have  corrected  all  tows  to  the  calculated  amount  that  would 
theoretically  have  been  taken  by  a  net  two  meters  in  diameter  in  two 
hours  towing  (Table  1.  column  8).  Kven  after  correction,  however, 
there  are  still  so  many  unknown  factor.-  that  the  result  can  only  be  re- 
garded as  a  rough  estimate  of  the  relative  quantity  of  animals  that  were 
living  at  the  time  and  place  where  they  were  caught. 

In  Table  I.  the  volume  of  plankton  caught  is  given  as  measured  by 
displacement,  after  the  salpae  have  been  removed.  The  removal  of 
the  salpae  is  necessary  because  their  physical  properties  are  such  that 
they  do  not  lend  themselves  to  measurement  by  the  displacement  method 
or  any  other  yet  devised.  These  animals  are.  however,  an  important 
lactor  in  the  plankton  community  and  in  the  metabolism  of  the  sea  be- 
cause at  certain  times  and  places  there  is  more  material  in  the  form  of 
salpae  than  in  all  other  types  of  plankton  combined. 

'I  be  diameter  ot  the  net  used  refers  to  the  diameter  across  the 
mouth.  The  smaller  net  wa^  scrim,  the  one-and-one-half-meter  net 
wa-  of  silk,  and  the  two-meter  nets  were  of  stramin. 

(  omparison  of  the  quantities  of  plankton  caught  at  different  depths, 
both  by  volumes  and  on  a  percentage  basis,  shows  clearly  that  the  largest 
ami'iini-  were  <-aught  in  the  upper  300  meters. 

At  Station  173')  over  93  per  cent  of  the  plankton  caught  was  taken 
between  SIX)  meters  and  the  surface  in  four  out  of  thirteen  hauls.  If 
we  Mibtract  tin-  \olume  of  salpae  which  constituted  over  SO  per  cent  of 
the  total  catch,  approximately  74  per  cent  was  taken  between  SUO  meters 
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Station 
no. 

Haul 
no. 

Diain. 
of 
net 
used 

Dura- 
tion of 
tow 

Depth 

Percentage 
of  total 
catch  at 
station 
including 
salpae 

Volume 
of 
plankton 
caufiht 
minus 
salpae 

Calc.  volume 
plankton  per 
2-m.  net 
in  2  hrs. 
minus 
salpae 

m. 

hr. 

m. 

per  cent 

cc. 

cc. 

1733 

1 

1 

1 

25 

55 

24 

192 

1  1 

2 

1 

1 

100 

12 

5 

40 

1  1 

3 

1 

1 

300 

8 

3.5 

28 

i  t 

5 

1 

1 

300 

12 

5 

40 

i  i 

4 

1 

1 

700 

13 

6 

48 

100 

1735 

1 

1 

1 

25 

29 

25 

200 

«  i 

2 

1 

1 

100 

23 

20 

160 

*  t 

3 

1 

1 

300 

7 

6 

48 

t  1 

4 

1 

1 

700 

8 

7 

56 

1  1 

5 

1 

2 

1200 

4 

4 

16 

i  i 

6 

1 

2 

2000 

29 

25 

100 

100 

1737 

5 

1 

1 

25 

44 

120 

960 

i  1 

4 

1 

1 

100 

21 

40 

320 

1  1 

3 

1 

1 

300 

28 

35 

280 

i  i 

2 

1 

1 

700 

3 

35 

280 

1  1 

6 

1 

2 

1200 

.3 

5 

20- 

u 

1 

1 

2 

2000 

3 

40 

160 

99.3 

1739 

1 

2 

2 

400-       0 

36 

256 

256 

(  t 

21 

2 

2 

700-       0 

14 

326 

326 

i  i 

21 

2 

2 

700-       0 

13 

146 

146 

li 

19 

2 

2 

800-  500 

31 

356 

356 

1  1 

16 

2 

2 

1400-1000 

1 

18 

18 

n 

17 

2 

2 

1400-1000 

1 

40 

40 

4  i 

17 

1.5 

2 

1400-1000 

1 

6 

10.7 

i  i 

15 

2 

2 

2000-1600 

1 

43 

43 

1  i 

15 

2 

2   . 

2000-1600 

1 

57 

57 

t  t 

13 

1.5 

1.33 

2000-1600 

1 

15 

32.4 

i  t 

3 

1.5 

2 

2600-2200 

1 

85 

151.3 

I  i 

4 

1.5 

1.33 

3200-2800 

2 

120 

256.3 

103 

and  the  surface  and  26  per  cent  was  taken  in  depths  greater  than  800 
meters. 

The  percentages  of  quantities,  including  salpae,  caught  at  different 
depths,  at  the  three  deepest  stations  are  as  follows : 

Station  1735 — 58  per  cent  taken  above  700  m.,  deepest  haul  at  2000  m. 

1/37—93     "                                 700    "                          "  2000   " 

1739_94     "                                800    "                          "  3200   " 
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It  is  true  that  vertical  migrations  force  us  to  regard  the  population 
of  the  whole  bathymetric  province  as  peculiarly  dynamic,  particularly 
so  in  the  photic  zone.  Nevertheless,  it  seems  sufficiently  established 
that  on  this  particular  occasion  and  at  these  localities  from  75  per  cent 
to  over  90  per  cent  of  the  animals  (by  volume)  were  living  in  depths 
less  than  800  meters.  The  works  of  Chun,  Haeckel,  Hensen,  Fowler, 

TABLE  II 

Calculated  numbers  of  specimens  (Roman  type),  and  numbers  per  50  cc.  of 
plankton  (italics),  per  2-hour  haul  with  2-mcter  net  at  Station  1733. 


25  m. 

100  m. 

300  m. 

300  m. 

700  m. 

Thysanopoda  tricuspidata 

8 

Thysanopoda  orientalis       .  . 

2.08 

16 

Euphausia  tenera      

20 

105 

Euphausia  hemigibba  

40 

840 
9 

Euphausia,  mutica  

10.40 
496 

72 

Thysanoessa  gregaria  
Thysanoessa  inermis  

128.96 

5 
40 
2 

24 
43.2 

38 

304 

Nematoscelis  inegalops  

32 

16 

\ 

Nematoscelis  atlantica  

40 

72 

8 

Nematoscelis  tenella  

90 

8 

Stylocheiron  carinatum.  . 

1824 

14.4 

Stylocheiron  longicorne  

474.24 

248 

27 

48 

1 

Stylocheiron  elongatum  

310 

8 

216 
21 

86.4 
64 

* 

Nematoscelis  sp  

10 
8 

168 

115.2 

Young  euphausids  

10 
48 

60 

ami  many  others  (Steuer  1910,  Kapitel  V)  point  to  the  fact  that  it  is 
not  .surprising  t<i  find  the  proportion  of  animals  in  the  upper  eight 
hundred  im-icr^  as  large  as  90  per  cent. 

The  data  aKo  >li<>\v  that  there  was  a  minimum  quantity  of  plankton 
at  a  depth  of  1200  meters,  with  the  quantities  increasing  progressively 
both  toward  greater  and  toward  lesser  depths. 
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This  barren  stratum  is  probably  what  Agassiz  (1888)  regarded  as 
an  azoic  zone,  and  while  not  actually  as  poor  in  animal  life  as  he  sup- 
posed, the  contrast  between  it  and  the  waters  above  was  striking  enough. 
The  explanation  of  this  peculiar  distribution  is  not  clear,  and  whether 
or  not  it  is  a  permanent  condition  fairly  universal  in  its  extent  in  the 
open  sea  is  an  open  question,  the  variation  in  the  abundance  even  of 
individual  species  being  often  great,  both  within  very  short  distances, 
and  within  very  short  intervals  of  time.  For  example,  Michael's  (1911) 
statistics  on  the  numbers  of  chaetognaths  show  great  differences  with 
successive  hauls,  both  at  the  same  place  and  in  closely  proximate  places. 
Single  hauls  at  separate  localities  can  only  be  regarded  as  proof  that 
what  was  caught  was  present  at  the  particular  time  and  place  where 
the  tow  was  made. 

The  increase  in  abundance  of  plankton  in  the  deep  water  below  the 
barren  zone  centering  around  1200  meters  was  thought  by  Agassiz 
(1888)  to  be  due  to  animals  gleaning  their  living  from  the  bottom  itself, 
or  to  larvae  of  the  bottom  fauna  which  are  pelagic  during  a  part  of  their 
life  histories.  This  was  not  the  case  in  the  present  instance,  for  at  Sta- 
tion 1739,  the  animals  collected  at  a  depth  of  3,200  meters  (some  600 
or  800  meters  from  the  bottom)  were  a  truly  pelagic  community,  i.e.  in 
no  way  directly  dependent  on  the  bottom  itself.  Thus  copepods  were 
abundant  throughout  the  depths,  a  species  of  Mctridla  being  exceedingly 
numerous  in  one  haul  at  a  depth  of  2,000  meters.  Other  groups  of 
pelagic  animals  such  as  acanthephyridae  and  other  decapods,  pelagic 
ostracods,  siphonophores,  euphausiids,  fish,  etc.  were  represented  at  all 
depths  from  surface  down  into  deep  water.  Until  the  species  of  other 
groups  of  animals  from  these  collections  have  been  examined  in  detail, 
it  would  be  premature  to  state  just  which  ones  were  responsible  for  the 
increase  in  volume  of  plankton  at  depths  greater  than  1,200  meters. 

NUMBERS  OF  EUPHAUSIDAE 

Besides  studying  the  absolute  abundance  of  the  total  plankton  at 
various  depths,  it  is  interesting  to  learn  the  relative  numerical  abundance, 
one  to  another,  of  the  individual  species  in  the  plankton  community. 
This  will  clarify  two  problems  concerning  the  animals  caught.  First, 
the  relative  numbers  of  animals  of  the  various  species  at  different 
depths.  Second,  the  number  present  per  unit  volume  of  catch,  which 
tells  the  proportionate  importance  of  a  species  or  group  as  compared 
with  the  rest  of  the  animals  present,  i.e.  the  quantitative  role  which  they 
play  as  a  part  of  the  animal  community.  In  studies  of  this  sort,  dif- 
ferent investigators  have  often  used  such  terms  as  "  dominant,"  "  many," 
"  few,"  "rare,"  "present,"  etc.  to  express  quantities;  but  all  such  ex- 
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TABLE  1 1 ! 

Calculated  numbers  of  specimens  (Roman  type),  and  numbers  per  50  cc.  of 
plankton  (italics),  per  2-hour  haul  with  2-meter  net  at  Station  1735. 


25  m. 

100  m. 

300  m. 

700  m. 

1200  m. 

2000m. 

Tlivsanopoda  oncnlalis 

16 

pectin  ata 

16 
8 

acutifrons 

8 

4 

aequalis    ...           .    . 

8 

2 

Kuphaiisia  tenera  ...          .    .      .    . 

992 

2.48 
112 

16 

americana  

248 
128 

34.72 

8 

14.08 

hemigibba  

32 

2.48 
152 

gibboides 

47.12 
32 

brevis  

384 

9.92 

Thysanoessa  gregaria 

96 

432 

Nematoscelis  atlantica 

24 

216 

tenella    .  . 

24 

40 

21.  12 

m  icrops  . 

7.44 
104 

40 
48 

72 

Nematobrachion  flexipes  

32.24 

48 
8 

63.36 

sexspinosus  .      .    . 

<? 

8 

Stylocheiron  longicorne  

224 

7.04 

8 

maximum 

224 

7.04 
8 

insulare 

144 

7.04 

suhmii  

44.64 
1064 

ccrinatum  

9472 

329.84 
96 

elongatum 

2368 
M 

29.76 

24 

affine  

6 

8 

24 

J:nf>linnMii  ~\>  

2 

8 

28 

YoUIlv   rll]>ll.lU~i'N 

2568 

728 

7.04 
16 

86.8 

642 

225.68 

14.08 
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pressions  break  down  in  practical  use.  '  Dominant,"  for  instance,  is 
impractical  because  of  the  deceptions  due  to  size,  color,  aggregations, 
etc.,  of  various  kinds  of  animals.  Thus  a  few  Acanthcphyras  may 
appear  to  dominate  a  tow  or  a  single  chain  of  Salpac  may  change  the 
"  complexion  "  of  another.  \Ye  are,  therefore,  reduced  to  the  necessity 
of  making  actual  counts  for  the  determination  of  numbers. 

The  Euphausiacea  are  the  only  group  of  which  total  counts  have 
as  yet  been  made.  In  cases  where  one  or  two  species  which  it  is  im- 
possible to  separate  from  others  with  the  naked  eye  occur  together,  it 
has  been  found  sufficient,  for  specific  enumeration  within  the  group,  to 
separate  out  three  samples  of  twenty  specimens  each,  from  a  dish  in 

TABLE  IV 

Calculated  numbers  of  specimens  (Roman  type),  and  numbers  per  50  cc.  of 
plankton  (italics),  per  2-hour  haul  with  2-meter  net  at  Station  1737. 


25  in. 

100  m. 

300  m. 

700  m 

1200  m. 

2000  m. 

Euphausia  krohnii  . 

16 

152 

.8 

22.80 

gibboides 

8 

1.20 

tenera  

8 

1.44 

sp.  . 

8 

1.20 

Thysanoessa  gregaria    .  .  . 

136 

1544 

6.80 

231.60 

longicaudata  ... 

104 

1000 

148 

948 

18.72 

180 

370 

293.88 

Nematoscelis  megalops  

120 

5224 

3424 

6 

783.60 

616.32 

which  the  whole  catch  of  euphausiids  has  been  isolated  from  the  rest 
of  the  catch  of  plankton.  They  were  first  well  stirred  and  then  sam- 
pled by  taking  out  the  twenty  animals  lying  nearest  to  a  point  on  the 
edge  of  the  dish.  Identification  under  the  microscope  of  three  such 
samples  of  Euphausidae,  from  Station  1739,  revealed  Euphausia  anicr- 
icana,  E.  niutica,  and  E.  brci'is  in  the  following  proportions: 


Euphausia    aiucricana    ...........    16          15 

niutica    ..............      3  3 

...............      1  2 


18 

2 
0 

As  these  counts  agree  so  closely,  it  seemed  justifiable  to  consider  this 
sampling  method  adequate. 
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The  number  of  each  species  of  euphausiids  has  been  obtained  either 
by  actual  count  or  by  the  above-mentioned  sampling  method.  To  make 
all  catches  comparable,  the  counts  of  each  individual  species  have  then 
been  reduced  to  a  2-meter  net  in  2  hours  basis.  A  simple  additional 
calculation  of  numbers  of  euphausiids  per  unit  volume  (50  cc.  of  total 
catch)  then  shows  the  relative  importance  of  the  former  in  the  latter. 

The  following  example  will  illustrate  this  method  of  calculation  ; 
Station  1735;  Haul  2;  depth  100  m. ;  total  catch  20  cc. ;  net  u>ed  1  in.; 


M 
250 

500 
750 
1000 
1250 
1500 
1750 
2000 
2250 
2500 
2750 
3000 


200         400         600         600       1000        1200        1400        1600        1800       2000       2200       2400 


\ 


\ 


0  2000    4000      6000     8000       10000   I2QQQ     I40QQ     I6Q 


M 
250 

500 

750 
1000 
1250 
1500 
1750 
2000 


A 


FIG.  2.  A,  Total  numbers  of  euphausiids  calculated  per  2-meter  net  per  2-hour 
haul.  Stations  1733,  1735,  and  1737.  A",  Total  numbers  of  euphausiids.  per  2-meter 
net  per  2-hour  haul,  Station  1739,  determined  from  average  catch  at  average  depths. 

duration  of  tow    1    hr.  ;  cc.   per  2-meter  net    in   1   hrs.    160;   number  of 
tencra  actually  present   14;  number  of  /:.  tcncra  in   160  cc. 


112;  number  of  /:.  tcncra  in  50  cc.,  per  2-hour  tow  with  a  2-meter  net, 
34.72. 

1'i^ure  2  shows  that  the  number  of  euphausiids  of  all  kinds  decreased 
t|uitr  regularly  with  increasing  depth  at  Stations  1733,  1735.  and  1737. 
down  in  1.  21  H  )  meters,  with  no  trace  of  a  secondary  maximum  at  about 
7(K)  iii'  appeared  in  the  vertical  distribution  of  plankton  vol- 
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umes  at  the  time.  And  while  numbers  of  euphausiids  like  quantities 
of  plankton  increased  below  1,200  meters,  the  importance  of  this  group 
in  the  total  animal  community  decreased  at  these  same  stations  right 
down  to  the  deepest  layer  sampled  (Fig.  3,  A  } ,  the  number  of  euphau- 
siids  per  50  cc.  of  plankton  being  much  smaller  at  depths  greater  than 
500  meters  than  in  the  upper  300  meter-.  This  vertical  relationship 


100  ISO         20Q         250         300         350 


1000 


1250 


1500 


500        1000      1500        2000      2500      3000       3500      40OO 


1750 


2000 


2250 


2500 


2750 


3000 


3250 


FIG.  3.  A,  Calculated  numbers  of  euphausiids  per  50  cc.  of  plankton  from  dif- 
ferent depths  at  Stations  1733,  1735,  and  1737.  B,  Calculated  numbers  of  euphau- 
siids per  50  cc.  of  plankton  from  different  depths  at  Station  1739,  determined  from 
average  catch  at  average  depths. 

also  obtained  for  Station  1739  (Fig.  3,  B~),  though  at  this  locality  there 
was  a  secondary  maximum  in  relative  importance  of  euphausiids  at  about 
1,800  meters. 

This  decrease,  with  increasing  depth,  both  in  numbers  and  relative 
importance  of  euphausiids,  is  furthermore  accompanied  by  a  corre- 
sponding decrease  in  the  specific  diversity  of  the  group,  the  counts  listed 
in  Tables  II-V  showing  that  whereas  some  fifteen  species  are  taken  in 
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the  upper  400  meters  of  water,  only  five  (Thysanocssa  longicaudata,  T. 
grcgaria,  Bentheuphausia  ainbylops,  Euphausia  acn-tifrons,  and  77;  v- 
sanocssa  parra)  were  found  at  depths  greater  than  800  meters.  And 
of  tlu-M-  five,  the  last  two  can  alone  be  regarded  as  truly  bathypelagic 
specie-*  mi  UK-  hasis  of  the  present  evidence. 

Thus  it  seems  sufficiently  established  at  least  for  this  part  of  the 
I'ce-an  and  time  of  year  that  euphausiids  as  a  group  reach  their  highest 
development  in  the  upper  water  layers. 
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OBSERVATIONS  ON  THE  COLOR  CHANGES  AND  ISO- 
LATED SCALE  ERYTHROPHORES  OF  THE 
SQUIRREL  FISH,  HOLOCENTRUS 
ASCENSIONIS  (OSBECK) 

DIETRICH  C.  SMITH  AND  MARGARET  T.  SMITH 

(From  the  Bermuda  Biological  Station  and  the  University  of  Tennessee, 

Memphis,  Tennessee) 

On  transference  from  a  dark  to  a  light-colored  background  the  com- 
mon Bermudian  squirrel  fish,  Holocentrus  ascensionis  (Osbeck),  shows 
an  exceptionally  rapid  color  change  from  red  to  white.  This  change 
is  coincident  with  and  the  result  of  a  pigment  concentration  within  the 
numerous  erythrophores  of  the  scales  and  the  deeper  layers  of  the  skin. 
The  speed  with  which  this  is  effected  is  strikingly  demonstrated  when 
a  red  fish  from  a  dark  background  (in  these  experiments  such  back- 
grounds were  usually  black)  is  placed  in  a  white  aquarium  containing 
three  or  four  animals  in  the  pale  condition.  In  five  seconds  the  origin- 
ally red  fish  is  indistinguishable  from  the  earlier  occupants.  Similarly 
a  pale  fish  placed  in  the  company  of  red  fishes  in  an  aquarium  over  a 
black  background  loses  its  distinctive  coloring  in  about  ten  seconds. 
Such  rapid  color  changes  are  rarely  met  with  among  the  fishes,  at  least 
under  laboratory  conditions,  although  they  are  not  uncommon  among  the 
lizards.  In  the  scorpion  fish  of  the  Bay  of  Naples,  Scorpana  ustidata, 
a  red  form  comparable  in  color  to  Holocentrus  with  erythrophores  as 
the  dominating  type  of  pigment  cell,  the  shift  from  red  to  the  pale  con- 
dition is  a  matter  of  hours  (Smith  and  Smith,  1934).  In  melanophores 
the  change  in  distribution  of  the  pigment  granules  in  response  to  a  varia- 
tion in  background  from  white  to  black  or  vice  versa  is  usually  completed 
in  three  to  four  minutes.  The  melanophores  of  Fimdulus  hctcroclitus 
behave  typically  in  this  manner. 

The  rapidity  with  which  Holocentrus  is  capable  of  altering  the  distri- 
bution of  pigment  within  its  erythrophores  is  suggestive  of  a  high 
degree  of  nervous  control  over  the  activities  of  the  chromatophores. 
Such  a  supposition  is  borne  out  by  experiments  based  upon  the  methods 
originally  employed  by  Pouchet  (1876),  von  Frisch  (1911,  1912)  and 
others  in  working  out  the  relationship  between  the  nervous  system  and 
chromatophores  of  fishes.  These  methods  rely  principally  upon  section- 
ing the  sympathetic  chain  at  various  levels  along  its  course  and  noting 
the  effect  of  such  operations  upon  the  subsequent  behavior  of  the  pig- 
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ment  cells  in  the  area  affected  by  the  operation.  In  Holoccntrns  if  the 
section  involves  the  anterior  half  of  the  sympathetic  chain,  the  area  in 
front  of  the  cut  turns  red  and  stays  red  regardless  of  background.  If 
the  cut,  on  the  other  hand,  involves  the  posterior  half  of  the  chain  the 
reddened  area  is  confined  to  the  regions  behind  the  cut.  In  Holoccntrns 
severance  of  the  sympathetic  then  results  in  a  typically  persistent  ex- 
pansion of  the  denervated  erythrophores,  the  distribution  of  the  pig- 
ment-motor fibers  to  these  erythrophores  conforming  to  the  scheme 
originally  announced  by  von  Frisch  (1911)  as  applying  to  the  innerva- 
tion  of  the  melanophores  of  Phoxinus  Iccvis.  In  both  species  the  pig- 
ment-motor fibers  emerge  from  the  spinal  cord  at  a  point  about  halfway 
down  the  trunk  and  are  distributed  both  anteriorly  and  posteriorly  by 
way  of  the  sympathetics  to  the  chromatophores  in  question.  Opera- 
tions of  the  nature  just  described  demonstrate  clearly  the  existence  of 
sympathetic  pigment-motor  fibers  capable  of  governing  the  responses 
of  the  erythrophores  of  Holocentrus. 

In  operated  fishes  kept  upon  a  white  background  the  resultant  red 
or  denervated  areas  produced  by  cutting  the  posterior  sympathetic  chain 
were  visible  in  whole  or  in  part  for  ten  or  fifteen  days  after  the  opera- 
tion. In  such  denervated  regions  the  first  sign  of  recovery  of  function 
on  the  part  of  the  affected  erythrophores  appeared  in  those  cells  lying 
most  anteriorly  in  the  operated  area.  In  animals  kept  upon  a  white 
background  this  portion  paled  within  three  or  four  days  after  the  opera- 
tion, the  paling  gradually  spreading  each  day  more  and  more  posteriorly 
until  finally  the  whole  area  had  lost  its  red  color.  Such  animals  when 
placed  on  a  dark  background  showed  a  uniform  reddening  over  the 
entire  body.  Repetition  of  the  operation  at  its  original  site  led  to  an 
exact  duplication  of  the  original  reddening.  This  reestablishment  of 
the  denervated  condition  following  a  second  operation  together  with  the 
nature  of  the  recovery  from  the  original  operation  is  not  in  disagreement 
with  the  assumption  that  there  is  a  gradual  regrowth  of  nerves  into  the 
denervated  region  together  with  reestablishment  of  nervous  connections 
with  the  erythrophores.  Denervations  of  the  erythrophores  of  the  an- 
terior half  of  the  trunk  present  a  different  picture.  Here  the  recovery 
is  much  more  rapid,  so  rapid  in  fact  that  the  possibility  of  nervous  re- 
generation is  excluded.  Subsequent  operations  at  the  original  site  often 
failed  to  produce  the  original  results.  In  fact,  the  general  impression 
received  after  comparing  the  behavior  of  denervated  areas  in  the  head 
and  anterior  trunk  with  those  in  the  posterior  trunk  strongly  suggest 
some  essential  difference  between  the  innervation  of  the  erythrophores, 
or  else,  what  seems  even  less  likely,  a  structural  or  functional  difference 
between  the  erythrophores  in  these  two  parts  of  the  body.  Unfortu- 
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nately  the  opportunity  was  not  given  us  to  pursue  this  matter  further. 
A  somewhat  similar  relationship  between  dorsal  and  ventral  trunk 
melanophores  in  Phoxinus  has  also  been  reported  (Smith,  1931). 

Further  proof  of  the  nervous  control  of  the  erythrophores  in  Holo- 
ccntrus  is  obtainable  on  stimulating  the  anterior  end  of  the  medulla 
where,  following  the  work  of  von  Frisch  (1911),  one  would  expect  to 
find  the  pigment-motor  center.  When  by  means  of  a  suitable  stimulat- 
ing electrode  this  is  done  in  Holocentrus  the  entire  animal  immediately 
pales  and  stays  pale  as  long  as  the  stimulus  is  applied.  On  stopping  the 
stimulation  the  animal  reddens,  the  erythrophore  pigment  assuming  the 
state  which  typically  follows  the  necessary  operative  procedure  involved 
in  exposure  of  the  posterior  portion  of  the  brain.  The  original  paling 
may  be  reproduced  at  will  as  long  as  the  chromatophores  remain  in  a 
reactive  condition.  Furthermore  stimulation  of  the  opthalmic  nerve  at 


FIG.  1.     Pulsating  erythrophores   in  the  expanded  phase   in   N/10   NaCl.     A 
non-pulsating  expanded  melanophore  in  the  lower  right-hand  corner. 

a  point  where  it  crosses  the  superior  surface  of  the  orbit  produces  a 
marked  ipsilateral  paling  of  the  head  (Pouchet,  1876;  v.  Frisch,  1911  ; 
Smith,  1931). 

A  reversal  of  the  effect  of  temperature  changes  on  the  erythrophores 
of  the  trunk  before  and  after  sectioning  the  sympathetic  chain  gave 
further  evidence  of  an  innervation  of  these  cells.  Exposure  of  the  un- 
operated  trunk  to  a  locally  directed  stream  of  warm  sea  water  (35°  C.) 
produced  in  the  affected  region  a  pronounced  expansion  of  the  erythro- 
phores, as  shown  by  the  increase  in  the  red  color  of  the  surface  of  the 
body  at  the  point  warmed.  This  reddening  was  strictly  confined  to  the 
area  heated.  If,  however,  the  stream  were  directed  upon  an  area  of 
the  trunk  in  the  same  fish  denervated  a  few  days  previously  the  erythro- 
phores now  contracted  and  the  heated  area  became  pale.  A  similarly 
directed  stream  of  cold  water  produced  in  the  innervated  trunk  a  con- 
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traction  and  in  the  denervated  trunk  an  expansion  of  the  erythrophores. 
This  curious  reversal  of  the  responses  to  heat  and  cold  on  the  part  of 
certain  chromatophores  after  denervation  has  previously  been  noted  in 
connection  with  the  melanophores  of  FnnJulus  heteroclitus  (Smith, 
1928).  Such  reversals  are  not  apparently  the  rule  among  fishes  as  at- 
tempts on  other  occasions  to  evoke  the  same  response  in  the  chromato- 
phores of  other  forms  (Phoxinus  hevis,  Scorpcena  ustulata,  Trigla  sp.) 
have  been  unsuccessful,  the  direction  of  the  response  of  the  chromato- 
phores of  these  fishes  to  temperature  changes  remaining  the  same 
whether  denervated  or  innervated.  This  was  also  true  with  another 
lU-rmudian  form,  the  surgeon  fish,  Acantlmnts  he  put  us.  The  extent 
to  which  this  peculiarity  characteristic  of  the  chromatophores  of  Fitu- 
dulus  and  Holocentrus  is  spread  among  other  fishes  should  be  a  matter 
worth  investigating  further. 


FIG.  2.     Pulsating  erythrophores  in  the  contracted  phase  in   N/10  NaCl. 

The  scales  of  the  squirrel  fish  upon  microscopical  examination  proved 
to  be  favorable  objects  for  direct  observations  upon  the  activity  of  the 
chromatophores.  Three  types  were  present,  erythrophores,  xantho- 
phores,  and  melanophores.  the  erythrophores  being  the  most  numerous 
with  an  even  distribution  throughout  the  pigmented  area  of  the  scale. 
while  the  xanthophores,  less  abundant  than  the  erythrophores,  were 
largely  confined  to  the  distal  corners.  The  melanophores  were  rela- 
tively scarce  and  were  more  or  less  irregularly  scattered  throughout  the 
M-.-ile.  In  sea  water  isolated  scales  showed  chromatophores  in  the  semi- 
expanded  condition,  that  is  with  only  the  proximal  one-third  or  less  of 
the  processes  of  the  cell  filled  with  pigment.  In  N/10  NaCl,  however. 
the  pigment  distribution  was  no  longer  a  static  affair,  the  erythrophores 
and  the  xanthophores  instead  alternating  between  states  of  expansion 
and  contraction,  the  pigment  granules  migrating  rhythmically  in  and 
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out  of  the  processes  (Figs.  1  and  2).  These  pulsations  first  appeared 
at  the  proximal  border  of  the  pigmented  area,  occurring  almost  simul- 
taneously with  the  color  changes  of  the  iridocytes  (Smith,  1933).  This 
would  indicate  that  the  pulsations  were  an  immediate  response  to  the 
penetration  of  the  NaCl  into  the  tissues  of  the  scale.  The  pulsations 
were  relatively  slow  at  first,  beginning  with  two  or  three  a  minute,  a 
level  from  which  they  gradually  increased  to  between  fifteen  or  twenty- 
five  a  minute.  At  this  point  the  rate  either  gradually  declined  until 
pulsations  ceased  entirely  or  else  it  continued  to  increase  further.  In 
this  latter  event  rates  of  fifty  to  sixty  a  minute  were  not  uncommon, 
the  extent  of  the  pulsations  becoming  progressively  less  and  less  until 
it  was  almost  impossible  to  tell  whether  the  cells  were  pulsating  at  all, 
the  erythrophores  apparently  remaining  contracted.  Usually  after  the 
erythrophores  had  ceased  pulsating  a  period  of  quiescence  set  in  lasting 
from  three  to  five  minutes,  followed  by  a  second  and  on  occasion  even  a 
third  or  fourth  period  of  activity.  Thus  the  time  in  which  the  pulsatory 
activity  could  be  seen  usually  lasted  forty-five  minutes  to  an  hour  and 
a  half,  although  now  and  then  individual  cells  were  seen  to  pulsate  for 
three  hours  or  more,  long  after  all  the  rest  of  the  erythrophores  in  the 
scale  had  become  quiet.  During  the  first  few  minutes  of  the  pulsations 
the  movements  of  all  the  erythrophores  as  well  as  the  xanthophores 
were  synchronous  throughout  the  scale.  As  time  went  on,  however,  the 
chromatophores  comprising  the  pigmented  area  broke  up  into  smaller 
groups,  each  group  proceeding  to  pulsate  at  a  rhythm  independent  of 
the  others.  This  synchronism  might  indicate  some  sort  of  coordinating 
mechanism  within  the  scale.  The  rate  and  extent  of  the  erythrophore 
pulsations  in  one  scale,  however,  compared  with  another  were  extremely 
variable,  scarcely  any  two  scales  being  even  approximately  alike. 

The  failure  of  the  melanophores  to  pulsate  under  conditions  which 
excite  the  erythrophores  and  xanthophores  to  activity  does  not  indicate 
that  these  cells  are  incapable  of  such  activity.  Pulsations  may  be  in- 
duced in  the  melanophores  by  use  of  a  method  originally  introduced  by 
Spaeth  (1916).  This  requires  a  five-minute  exposure  of  the  cells  to 
N/10  BaCl,  followed  by  a  transfer  of  the  scale  to  N/10  NaCl.  In 
Holocentrus  scales  so  treated  the  melanophores  show  good  pulsations 
in  about  five  minutes  after  the  immersion  in  NaCl  following  treatment 
with  Bad.,.  These  pulsations  differ  from  those  seen  in  the  erythro- 
phores and  the  xanthophores  in  that  they  are  much  slower,  occurring 
only  once  or  twice  a  minute.  Slow  pulsations  of  this  sort  are  also  char- 
acteristic of  the  melanophores  of  Fundulus  hctcroclitus  in  which  such 
activity  has  been  extensively  studied  (Spaeth,  1916;  Smith,  1930). 

Erythrophore  pulsations  have  been   reported   before.     In    fact  this 
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type  of  behavior  on  the  part  of  chromatophores  was  first  observed  in 
connection  with  the  erythrophores  of  AInllns.  Ballowitz  (1913)  de- 
scribed rhythmical  movements  of  the  pigment  granules  in  the  erythro- 
phores of  excised  bits  of  the  skin  of  this  form  when  such  pieces  of  the 
skin  are  immersed  in  0.75  per  cent  NaCl.  Judging  from  his  descrip- 
tions, erythrophore  pulsations  in  this  form  were  of  the  slow  type  seen 
in  the  melanophores  of  Fundulits.  The  isolated  scale  erythrophores  of 
Scorpana  ustulata  can  also  be  made  to  pulsate  (Smith  and  Smith,  1934) 
but  only  after  they  have  been  previously  treated  with  BaCl2.  In  this 
respect  the  Scorpccna  erythrophores  resemble  more  the  melanophores 
of  Fitndnlns  and  Holocentnis  than  the  erythrophores  of  Holocentnis. 
In  Scorpccna  the  erythrophores  pulsate  steadily  for  an  hour  or  so  at  a 
rate  of  about  once  every  two  minutes.  Melanophores  in  the  same  scale 
pulsate  somewhat  more  rapidly,  about  once  a  minute  on  the  average. 


FIG.  3.  Showing  the  progressive  contraction  of  the  chromatophores  in  N/10 
KC1  after  sea  water.  Cells  in  the  lowi-r  right  contracted,  cells  in  the  upper  left 
still  expanded.  The  small  hodirs  are  erythrophores  and  the  larger  ones  melano- 
phores. 

When  Holocentnis  scales  are  placed  in  N/10  KC1  all  of  the  chro- 
matophores show  a  marked  contraction  (  lrig.  3).  This  is  quite  in 
keeping  with  the-  results  of  other  investigators  upon  the  effect  of  KC1 
upon  isolated  scale  chromatophores.  In  CaCL  the  erythrophores  and 
xanthophores  of  Holocentnis  show  a  brief  period  of  pulsatory  activity 
lasting  about  eight  minutes,  after  which  they  assume  the  contracted 
erudition.  That  the  pulsations  were  occurring  at  a  time  when  the  cells 
\vere  under  the  influence  of  the  CaCL  is  shown  by  the  fact  that  the 
iridocytes  throughout  the  entire  scale  were  colorless.  Attempts  were 
also  made  to  study  the  effects  of  various  drugs  upon  erythrophore  pulsa- 
tinn>  but  the  results  were  not  worthy  of  serious  consideration  since  no 
adequate  meau^  «>f  controlling  the  experiments  could  be  found.  Com- 
parison between  two  scales,  even  adjoining  scales  from  the  same  fish, 
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were  quite  useless  as  there  was  no  constant  uniformity  in  respect  to 
the  erythrophore  behavior  of  the  two.  Scales  were  even  cut  into  two 
halves,  one  half  being-  immersed  in  solutions  of  the  drug  to  be  tested 
and  the  other  half  in  NaCl  as  a  control,  but  again  no  reliance  could  be 
placed  on  the  data  from  a  quantitative  standpoint  as  control  experiments 
showed  that  the  erythrophores  of  the  two  halves  of  the  same  scale  when 
placed  in  NaCl  differed  markedly  in  their  behavior. 

From  these  results  and  the  results  of  previous  investigation  (von 
Frisch,  1912;  Smith  and  Smith,  1934)  it  is  apparent  that  in  certain 
fishes  the  erythrophores  are  clearly  under  nervous  control.  In  forms 
such  as  Pho.vinus  (Giersberg,  1930)  it  is  equally  clear  that  the  erythro- 
phores are  independent  of  nervous  control  and  are  governed  in  their 
reactions  by  humoral  factors.  It  still  remains  to  be  seen  whether  this 
bears  any  relation  to  the  fact  previously  noted  by  us  that  in  those  forms 
where  the  erythrophores  are  under  partial  or  complete  humoral  control 
their  principal  function  seems  to  be  their  contribution  to  the  assump- 
tion of  the  nuptial  coloration  shown  during  the  spawning  season.  At 
other  times  they  are  relatively  inactive.  In  forms  such  as  Holocentrus 
and  Scorpccna  where  a  nervous  control  has  been  demonstrated  the  ery- 
throphores are  continually  active  at  all  seasons  of  the  year  and  are  in 
fact  the  dominating  pigment  cell  among  the  chromatophores  these  ani- 
mals possess. 

In  Holocentrus  the  erythrophores  and  xanthophores  are  alike  in  their 
behavior,  both  types  of  cells  reacting  about  the  same  throughout  all  of 
the  experiments  attempted  although  possibly  the  xanthophores  were 
somewhat  more  sluggish  than  the  erythrophores  in  their  responses  to 
temperature  changes.  In  Scorpccna,  however,  the  xanthophores  differ 
markedly  from  the  erythrophores  in  that  they  show  no  pulsations  in 
NaCl  after  treatment  with  BaCL  as  do  the  erythrophores  and  are  also 
much  more  sluggish  in  regard  to  their  responses  to  other  types  of  stim- 
uli. Schnakenbeck  (1925),  after  an  examination  of  eighty  different 
species  of  fish,  came  to  the  conclusion  that  there  was  no  fundamental 
difference  between  xanthophores  and  erythrophores,  in  many  cases  both 
types  of  pigment  being  present  in  the  same  cell.  On  physiological 
grounds,  however,  such  a  generalization  does  not  appear  to  be  justified, 
although  it  may  well  be  true  of  some  fishes  (i.e.,  Holocentrus}.  Any 
comparison  between  erythrophores  and  xanthophores  other  than  in  the 
same  species  seems  useless  until  it  is  definitely  established  whether  or 
not  there  are  two  distinct  types  of  erythrophores,  first  the  sluggish  Im- 
morally controlled  kind  found  in  Phoxinus  and  second  the  highly  sensi- 
tive nervously  controlled  type  found  in  Holocentrus.  Whether  the  dif- 
ference between  the  two  is  actually  clean  cut,  or  whether  the  apparent 
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distinction  is  only  illusory  as  a  result  of  the  study  of  two  extreme  types 
in  a  graded  series  is  a  matter  for  further  investigation. 

Further  complexity  is  again  suggested  when  the  melanophores  and 
the  erythrophores  are  compared.  In  Scor/xuna  the  two  types  of  pigment 
cells  seem  to  behave  essentially  the-  same,  differing  only  on  morphologi- 
cal grounds.  In  Holocentrus,  on  the  other  hand,  the  melanophores  vary 
pronouncedly  from  the  erythrophores  not  only  in  appearance,  for  this 
they  do  also  in  Scorpccua.  but  also  in  responsiveness  to  certain  types  of 
stimuli.  In  Holocentrus  the  melanophores  do  not  pulsate  spontaneously 
in  XaCl  when  transferred  directly  from  sea  water.  In  this  species  the 
erythrophores  were  by  far  the  most  active  type  of  pigment  cell  present 
in  the  scale.  The  melanophores  appeared  to  be  sluggish  in  comparison, 
although  the  melanophores  of  Holocentrus  were  no  more  sluggish  in 
their  behavior  than  the  melanophores  of  other  forms.  But  the  extreme 
sensitivity  of  the  erythrophores  of  Holocentrus  might  well  be  anticipated 
after  witnessing  the  rapidity  with  which  this  animal  can  adapt  itself  to 
a  new  shade  of  background.  Apparently  this  form  possesses  a  pig- 
ment cell  which  is  fully  as  responsive  as  the  chromatophores  of  lizards 
and  in  fact  approaches  the  sensitivity  of  the  entirely  distinct  pigmentary 
effector  organ  of  the  cephalopod. 

SUMMARY 

1.  In  the  common  Bermudian  squirrel  fish,  Holocentrus  ascensionis 
(Osbeck).  sympathetic  pigment-motor  fibers  can  be  demonstrated  which 
are  capable  of   altering  the   state   of   pigment   distribution   within   the 
erythrophores. 

2.  In  the  denervated  trunk  erythrophores  of  Holocentnts  an  increase 
in  temperature  will  cause  a  withdrawal  of  the  pigment  into  the  central 
body  of  the  cell.     Lowering  the  temperature  has  the  opposite  effect. 
Tn   innervated  trunk  erythrophores  the  effect  of  temperature  chan.i;<ls 
upon  the  state  of  pigment  distribution  of  the  erythrophore  is  the  reverse 
of  what  is  seen  in  denervated  erythrophores. 

3.  Isolated   scale  erythrophores  and   xanthophores  of   Holocentrus 
show  spontaneous  pulsations  when  transferred  from  sea  water  to  N    10 
NTaCl.     Isolated  scale  melanophores  will  not  pulsate  in  NaCl  unless  pre- 
viously treated  with  N/10  P.aCl... 
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XKKVKS  ix  SALAMANDERS 

CARL  CASKEY  SPEIDEL 

(From  the  Department  of  Anatomy,  University  of  Virginia  Medical  School, 

University,  Virg  inia ) 

In  the  earlier  papers  of  this  series  of  studies,  the  writer  has  pre- 
sented observations  of  nerve  activities  as  seen  in  living  frog  tadpoles 
(Speidel,  1932,  1933,  and  1935).  Case  histories  of  individual  nerve 
fibers  over  long  periods  of  time  have  been  obtained.  These  have  re- 
vealed fundamental  movements  and  changes  that  occur  during  the 
growth  of  nerves,  during  the  formation  of  the  myelin  sheath,  and  during 
nerve  irritation,  degeneration,  and  repair. 

Up  to  the  present  time  frog  tadpoles  are  the  only  forms  in  which 
nerve  changes  have  been  seen  by  this  method  of  direct  observation  in 
vivo.  It  seemed  desirable  that  a  similar  study  be  made  on  some  repre- 
sentative of  another  group  of  vertebrate  animals.  Preliminary  observa- 
tions on  a  number  of  species  of  urodele  amphibians  and  fishes  indicated 
that  it  was  possible  to  study  living  nerves  in  some  of  these.  The  pres- 
ent investigation  deals  with  the  behavior  of  the  peripheral  nerves  in  the 
tail  of  young  salamanders  during  growth,  regeneration,  and  myelination. 

MATERIAL  AND  METHOD 

The  best  observations  were  obtained  on  young  salamanders  (  Tritunis 
viridcsccns}  during  the  fall  of  the  year.  These  were  approximately 
seven  or  eight  months  old.  An  average  >i:ccimen  was  30  mm.  in  length. 
Animals  of  other  ages,  however,  were  also  watched.  These  included 
young  larvae  recently  hatched  from  the  eggs,  and  a  few  animals  more 
than  a  year  old. 

The  animals  were  examined  microscopically  under  light  chloretone 
anesthesia  in  an  upright  paraffin  chamber.  Between  observations  they 
were  kept  isolated  in  jars  containing  pond  water  and  vegetation  con- 
ducive to  growth.  The  liner  details  of  structure  were  observed  with 
tin-  aid  of  a  3-mm.  oil-immersion  objective  lens. 

1  This  work  has  been  aided  hy  grants  from  the  National  Research  Council, 
from  the  Committee  on  Scientific  Research  of  the  American  Medical  Association, 
and  from  tin  l\i search  Committee  of  the  Virginia  Academy  of  Science. 
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DISTRIBUTION  OF  NERVES  IN  THE  TAIL  OK  THE  SALAMANDER 

The  central  portion  of  the  tail  is  occupied  by  the  spinal  cord,  axial 
skeleton  (notochord),  and  the  muscle  masses.  This  region  is  not  suit- 
able for  observation  in  the  living  animal.  The  spinal  cord  extends  al- 
most to  the  tip  of  the  tail.  Emerging  from  between  the  muscle  masses 
may  be  seen  the  cutaneous  nerves  that  supply  the  tail  fin  expansion. 
Many  of  these  are  of  the  mixed  type  consisting  of  both  myelinated  and 
unmyelinated  fibers.  Others  are  entirely  of  the  unmyelinated  type. 
Occasionally,  a  single  myelinated  fiber  may  be  seen  which  is  isolated 
from  other  fibers  for  a  part  of  its  extent.  Myelin-emergent  sprouts  are 
often  intimately  intermingled  with  non-myelin-emergent  fibers.  Some- 
times, however,  they  are  separate  and  can  be  traced  to  their  terminations 
just  beneath  the  basement  membrane  of  the  epithelium. 

The  lateral  line  nerve  and  its  branches  constitute  a  conspicuous  part 
of  the  peripheral  nervous  system  in  the  tail.  Kami  of  this  nerve,  which 
is  itself  a  division  of  the  vagus  nerve,  are  particularly  prominent  in  the 
dorsal  fin  region.  These  fibers  innervate  the  many  lateral  line  organs 
of  special  sense  which  are  located  in  the  tail. 

Essentially,  the  peripheral  nervous  system  of  the  tail  of  the  young 
salamander  is  like  that  of  the  frog  tadpole.  A  few  minor  differences, 
however,  may  be  noted.  In  the  salamander  the  sheath  cells  of  Schwann 
are  larger,  the  myelin  segments  longer,  and  the  myelinated  fiber  is  of 
smaller  caliber ;  all  of  the  regenerative  activities  proceed  at  a  slower 
rate;  the  sheath  cells  migrate  and  proliferate  less  rapidly;  the  ameboid 
growth  cones  travel  at  a  slower  pace;  and  the  process  of  myelin  en- 
sheathment  requires  more  time. 

GROWTH  OF  INDIVIDUAL  NERVE  SPROUTS  AND  THE  FORMATION  OF  THE 

EARLY  UNMYELINATED  NERVES 

Pioneer  Grozvth  Cones 

Experimentally  many  actively  growing  nerve  sprouts  may  be  induced 
by  subjecting  the  animal  to  partial  tail  amputation  followed  by  several 
days  of  regeneration.  Careful  examination  of  the  newly  regenerating 
zone  reveals  the  expanded  growing  tips  of  single  nerve  fibers.  These 
terminal  enlargements  are  called  growth  cones.  Each  pioneer  growth 
cone  probes  its  way  slowly  through  the  mesenchymal  tissues  spinning  a 
nerve  fiber  behind  it.  The  growth  cones  migrate  by  ameboid  movement. 
Delicate  pseudopods  are  frequently  extended  and  retracted.  At  times 
tiny  refractive  granules  are  visible. 

Progress,  though  rapid  at  times,  is  somewhat  sporadic.  Slight  bar- 
riers, such  as  connective  tissue  cell  processes,  may  cause  temporary  halt- 
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ing  and  varicosity  formation.  A  change  in  the  direction  of  growth  of 
the  nerve  fiber  may  follow.  Growth  cones  at  rest  usually  draw  in  their 
pseudopods  and  become  smoothly  rounded.  Retracting  nerve  tips  are 
characterized  by  the  appearance  of  knob-like  excrescences  or  vesicles. 

Typical  behavior  of  a  pioneer  growth  cone  over  a  period  of  one  hour 
is  shown  in  the  illustration  (Fig.  1).  Extension,  temporary  varicosity 
formation,  constriction  ring  formation,  deflection  by  a  connective  tissue 
cell  process,  and  variations  in  pseudopods  and  in  granular  content  are 
all  visible  in  this  example.  A  distance  of  about  20  micra  was  traversed 
during  the  hour. 

The  group  of  pioneer  growth  cones  shown  in  the  illustration  (Fig. 
2)  exemplifies  another  principle  which  is  of  some  theoretical  interest. 
In  spite  of  the  close  proximity  of  the  growth  cones  to  one  another  with 
presumably  very  similar  local  environment,  their  behavior  varies.  While 
some  exhibit  definite  retraction,  others  actively  advance  or  show  no 
marked  change  in  position.  This  suggests  that  there  must  be  a  distant 
central  influence  over  nerve  sprout  advance ;  that,  though  local  conditions 
may  be  important,  they  are  not  the  sole  determiners  of  the  behavior 
of  the  sprouts. 

In  one  of  the  other  case  histories  (Fig.  4)  the  behavior  of  several 
growth  cones  over  a  period  of  three  days  is  shown.  This  case  suggests 

PLATE  I 

The  following  figures  are  based  upon  free-hand  sketches,  and  they  are,  there- 
fore, not  entirely  accurate.  In  all  figures  pro.vimal  is  toward  the  left  (or  below), 
and  distal  toward  the  right  (or  above). 

FIG.  1.  The  progress  of  a  growth  cone  of  a  nerve  fiber  over  a  period  of  one 
hour.  Salamander,  No.  882,  regenerating  zone  eight  days  after  partial  tail  am- 
putation. 

11  :30  A.M.,  the  growth  cone,  S,  is  slightly  obstructed  by  the  fibroblast  process, 
P.  11:37  to  11:40,  the  growth  cone  passes  the  obstruction,  a  constriction  ring 
being  present  at  the  point.  11:51  to  12:08,  a  second  connective  tissue  cell  process 
is  passed  which  is  located  somewhat  obliquely  to  the  course  of  growth  of  the  nerve 
fiber.  12:25  to  12:30,  a  third  process  of  a  connective  tissue  cell  is  approached. 

FIG.  2.  Movements  of  extension  and  retraction  shown  by  several  free  growth 
cones  within  a  small  area.  Salamander,  No.  881,  eight  days  after  partial  tail  am- 
putation. 

Five  growth  cones  are  visible  at  P ,  Q,  R,  S,  and  T.  During  thirty-five  min- 
utes of  observation  growth  cones  P,  R,  and  T  advanced  somewhat,  while  Q  and  \ 
both  retracted. 

IK;.  3.  The  extension  of  the  first  three  growth  cones  of  a  young  nerve  over 
a  period  of  one  hour.  Salamander,  No.  882,  regenerating  zone,  eight  days  after 
partial  tail  amputation. 

At  11:35  two  growing  tips  were  visible  at  P  and  Q  advancing  slowly  through 
the  tissues  toward  the  edge  of  the  tail  fin.  A  third  growth  cone  at  R  was  diverg- 
ing slightly  from  the  line  of  the  nerve. 

1_':35,  oiu-  hour  later  /',  Q,  and  R  all  showed  some  progress  and  at  .9  a  new 
growth  cone  appeared. 
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PLATE  II 

I;K;.  4.  Movements  of  growth  cones  and  a  sheath  cell  of  Schwann  over  a 
period  of  three  days ;  the  formation  of  branches  correlated  with  a  nearby  fibroblast 
mitosis.  Salamander,  No.  881,  regenerating  tail  fin  observed  from  eight  to  eleven 
days  after  partial  tail  amputation  (cut  October  28). 

November  5,  11  :40  A.M.,  three  growth  cones,  Q,  R,  and  S  are  visible.  The 
primitive  sheath  cell,  M,  has  reached  the  position  shown  and  exhibits  slow  move- 
ments with  little  change  in  position. 

November  5,  5:30  P.M.,  the  small  branch  which  ended  in  Q  lias  disappeared. 
A'  has  advanced. 

November  6,  10:20  A.M.,  sheath  cell  M  has  advanced.  A'  is  swollen  and  in 
close  relation  to  the  dividing  fibroblast.  A'.  Growth  cone,  .9,  is  indistinguishable 
I  nit  is  probably  present  in  the  swollen  tip  at  R. 

November  0,  \1  :SO  P.M.,  three  separate  growth  cones,  R,  S,  and  T  advance 
as  the  cell  division  becomes  completed  with  the  formation  of  the  daughter  cells, 
A'l  and  A'2.  Another  growth  cone  touches  the  nerve  at  L,  causing  some  agitation 
oi"  the  nrni  c, plasm  at  this  point. 

Xovembi-r  7,  AJ  and  T  have  advanced,  but  S  has  disappeared.  The  connection 
at  /.  has  alv>  been  lost.  The  position  of  A'2,  one  of  the  daughter  cells  of  the 
lihrohlast  division  of  the  preceding  day,  is  shown. 

November  <\  M  advances  somewhat.  And  at  its  distal  end  a  new  connection 
with  another  m  rvc  is  present.  Growth  cones,  R  and  T,  show  further  extension 
and  a  new  branch  develops  which  ends  in  the  growth  cone  at  U.  The  nerve  in- 
creases in  diameter. 
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that  mitosis  of  an  adjacent  fibroblast  has  a  stimulating  effect  on  nerve 
sprouts.  It  also  indicates  that  the  neuroplasm  of  a  young  nerve  is 
responsive  to  the  touch  of  an  active  growth  cone.  Similar  observations 
have  been  recorded  in  the  case  of  frog  tadpoles  (Speidel,  1933  and 
1935). 

Later  Growth  Cones 

• 

Following  the  first  nerve  fibers  come  the  second,  third,  and  later 
growth  cones,  each  spinning  a  fiber  of  its  own.  These  usually  follow 
more  or  less  closely  the  pathway  laid  down  by  the  pioneer  growth  cones. 
In  this  manner  the  first  small  unmyelinated  nerves  are  formed. 

In  the  example  given  (Fig.  3)  a  small  regenerating  nerve  is  shown 
which  toward  the  left  consists  of  three  fibers.  The  terminal  growth 
cones  of  these  fibers  are  visible  at  P,  Q,  and  R.  Over  a  period  of  an 
hour  each  of  these  advances  somewhat.  The  origin  of  a  new  sprout 
from  one  is  visible  as  a  new  growth  cone  forms  at  S. 

The  Primitive  Sheath  Cells  of  Sclm'unn 

The  early  small  nerves  which  at  first  consist  of  only  a  few  naked 
fibers  become  quickly  provided  with  satellite  cells,  the  primitive  sheath 
cells  of  Schwann  (neurilemma  cells).2  These  cells  migrate  distally 
along  the  nerves  by  ameboid  movement.  The  example  given  (Fig.  4) 
shows  the  rather  slow  progress  of  the  most  peripheral  sheath  cell  on  a 
small  nerve  over  a  period  of  three  days. 

In  regenerating  zones  the  Schwann  cells  often  divide  by  mitosis 
(Fig.  5).  While  at  rest  these  cells  are  much  elongated  and  flattened 
along  the  nerve.  In  preparation  for  division,  however,  they  slowly 
swell  and  round  up.  The  fast  motion  cine-photomicrographs  vividly 
reveal  the  violent  agitation  that  takes  place  during  the  actual  division  into 
two  cells.  Distinct  local  swelling  of  the  nerve  usually  accompanies  the 
process.  The  daughter  cells  then  move  apart  and  slowly  flatten  out  to 
assume  their  typical  elongated  resting  position  along  the  nerve. 

A  sheath  of  Schwann  (neurilemma),  syncytial  in  nature,  is  elab- 
orated. This  sheath  is  tubular  and  at  first  usually  encloses  several 
nerve  fibers.  Septa  may  develop  later  to  effect  separate  ensheathment 
for  single  fibers. 

THE  PROCESS  OF  MYELIN  SHEATH  FORMATION 

As  nerve  fibers  become  more  mature  many  acquire  a  myelin  sheath. 
This  sheath  is  laid  down  in  segments.  The  first  segments  appear  near 

2  Embryologically,  the  sheath  cells  of  Schwann  arc  derived  from  ectoderm. 
They  originate  from  the  neural  crest  of  the  developing  spinal  cord,  migrate  out- 
ward along  the  dorsal  roots,  and  then  follow  the  spinal  nerves. 
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the  nerve  roots.  The  progress  of  myelination  is  from  proximal  to  distal. 
Each  new  segment  is  added  to  the  end  of  the  myelin  line.  As  in  frog 
tadpoles,  a  nerve  fiber  emerging  from  a  myelin  segment  ( myelin- 
emergent  fiber)  exhibits  a  greater  bias  toward  myelin  formation  than 
one  which  does  not  emerge  from  a  myelin  sheath  (non-myelin- 
emergent). 

Myelin-evnergent  and  Non-myelin-emergent  Fibers 

Careful  examination  of  nerves  near  the  transition  between  a  prox- 
imal myelination  zone  and  a  distal  non-myelination  zone  reveals  that 
myelin-emergent  sprouts  may  sometimes  be  distinguished  from  the  non- 
myelin-emergent  fibers  which  make  up  the  bulk  of  an  ordinary  unmye- 
linated  nerve.  In  the  example  given  (Fig.  6)  extremely  delicate  myelin- 
emergent  sprouts  emerging  from  the  last  myelin  segment  are  visible. 
They  are  quite  distinct  from  the  fibers  of  the  accompanying  unmyelinated 
nerve  which  is  provided  with  a  sheath  cell  of  Schwann  and  a  neurilemma. 
The  myelin-emergent  sprouts  are  without  a  sheath  of  any  sort  and  are, 
therefore,  quite  naked.  In  this  particular  instance  no  further  myelina- 
tion took  place  although  the  region  was  observed  for  60  days. 

As  a  rule,  however,  a  myelin-emergent  fiber  which  is  ripe  for  en- 
sheathment  is  intimately  associated  with  accompanying  non-myelin- 
emergent  fibers,  often  being  within  the  same  neurilemma  at  first.  For 
this  reason,  it  is  ordinarily  not  distinguishable.  In  all  of  the  following 
examples  it  is  noteworthy  that  each  new  myelin  unit  is  formed  as  a 
result  of  the  cooperative  activity  of  a  sheath  cell  and  a  nerve  fiber, 
particularly  a  myelin-emergent  fiber. 

Addition  of  Tu'o  Terminal  Myelin  Segments 

In  the  example  (Fig.  9)  a  small  mixed  nerve  consists  of  a  single 
fiber  in  process  of  myelination  and  an  unmyelinated  nerve  which  is 
made  up  of  several  nerve  fibers.  To  the  right  of  the  arrow  in  the 
direction  of  the  young  sheath  cell  .V,  the  unmyelinated  nerve  includes 
li'ith  a  myelin-emergent  fiber  and  several  non-myelin-emergent  fibers. 
Proliferation  of  the  primitive  sheath  cells  is  followed  closely  by  the 
formation  of  two  new  myelin  sheath  segments.  Marked  swelling  of 
tin-  myelin-emergent  fiber  accompanies  the  process. 

Comparison  of  the  young  myelin  segments  in  the  last  two  sketches 
liriiiL;-  out  the  ^low  but  steady  growth  in  both  diameter  and  length  of 
the  myelin  units. 
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PLATE  III 

FIG.  5.  Sheath  cell  division  on  a  small  peripheral  unmyelinated  nerve.  Sal- 
amander, No.  880,  regenerating  tail  fin  ten  days  after  partial  tail  amputation. 

During  the  hour  from  10:47  A.M.  to  11:50  A.M.  the  changes  in  a  dividing 
sheath  cell  are  shown.  At  11  :51  the  animal  was  replaced  in  pond  water.  At  2:30 
P.M.  the  two  daughter  cells  were  separated  as  shown.  During  the  next  day  the 
cell,  SI,  migrated  out  of  the  upper  fork  of  the  nerve  in  the  direction  indicated  by 
the  arrow. 
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Intercalation  of  a  My  el  in  Segment  Between  Two  Others 

Sometimes  myelination  along  a  filler  takes  place  somewhat  irregu- 
larly, in  such  a  way  that  temporary  hare  lengths  are  left  in  some  places 
between  two  myelin  segments.  Such  hare  lengths  of  fiber,  if  they  are 
not  very  extensive,  are  usually  covered  by  growth  of  the  adjacent  myelin 
units  (cf.  Fig.  10,  growth  of  segment  T  toward  ('). 

If  the  unmyelinated  portion  is  too  extensive,  however,  the  process  of 
ensheathment  is  accomplished  by  the  intercalation  of  an  entire  myelin 
unit  with  its  own  sheath  cell.  In  the  example  given  (Fig.  10)  between 
the  myelin  units  at  R  and  T  is  a  region  without  myelin.  Since  a  primi- 
tive sheath  cell  .S"  is  located  in  this  region,  conditions  are  favorable  for 
myelination.  \Yithin  two  days  a  young  segment  is  intercalated  which 
then  extends  during  the  next  two  days  to  reduce  the  unmyelinated  gaps 
at  each  end. 


Pl.ATK    IV 

FIG.  6.  A  small  mixed  nerve  showing  the  intimate  relation  of  a  myelin- 
emcrgent  fiber  with  the  accompanying  non-tnyelin-emergent  fibers.  Normal  sal- 
amander. No.  878. 

From  the  terminal  myelin  set; men t,  T.  emerges  a  fiber  which  divides  into  naked 
sprouts  at  S.  One  of  these  is  visible  as  it  extends  in  close  association  with  the 
accompanying  unmyelinated  nerve  toward  the  sheath  cell,  R.  Several  of  the  sprouts 
terminate  immediate!}  bt-.u-ath  the  basement  membrane  of  the  skin  epithelium. 

FIG.  7.  Rapid  swelling  and  ovoid  segmentation  of  a  segment  of  the  myelin 
sheath  following  a  hot  water  burn.  Salamander,  No.  997. 

12:15,  a  normal  myelin  sheath  segment.  At  12:18  the  tip  nt"  the  tail,  close  to 
the  segment  illustrated,  was  immersed  in  hot  water  for  a  few  seconds. 

12:20,  both  the  myelin  segment  and  the  sheath  cell  nucleus  have  become  greatly 
swollen. 

12:22,  the  sheath  breaks  up  into  myelin  ovoids  which  remain  connected  for  a 
time. 

12:30,  a  later  stage. 

FIG.  8.  Appropriation  of  a  portion  of  one  myelin  segment  by  the  next  one 
following  end-to-end  anastomosis  and  establishment  of  a  new  node  of  Rainier. 
Regenerating  zone  of  salamander.  No.  867,  following  tail  section  on  October  12. 
The  segments  of  this  figure  are  the  same  ones  illustrated  in  Fig.  12,  segments  N, 
O.  and  P. 

November  24,  a  bare  length  of  fiber  without  a  myelin  sheath  lies  between  the 
myelin  segments  associated  with  O  and  /'. 

I '<  cembcr  6,  sheath  cell,  O,  moves  toward  the  bare  length.  Both  segments 
grow  in  length. 

I  )<-ri-mlier  19,  the  myelin  segments  become  joined.  Thus,  Uvo  sheath  cells  are 
.1  number  of  days  on  a  single  fused  segment. 

January  d,  sheath  cell,  /',  migrates  toward  the  right  beyond  the  field  illustrated 
and  a  new  imde  of  Ranvier  develops  between  O  and  /'.  The  myelin  sheath  be- 
tsveen  the  two  arrows  or'njinatcd  under  the  influence,  not  of  sheath  cell  O,  but  of 
sheath  cell.  /'. 
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During  the-  same  period  a  new  terminal  segment  forms  under  the 
influence  of  Q\  along  the  upper  nerve  fork,  following  a  division  of 
the  young  sheath  cell  Q.  Movements  of  sheath  cells.  A'.  I',  and  Q2 
are  also  evident  over  the  4-day  period  illustrated. 
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Appropriation  of  a  Part  of  a  My  din  Segment  by  flic  One  AY.r/  to  ft. 

Folloiviny  an  End-to-end  Anastomosis  of  the  Tzvo  Segments 
Occasionally,  myelin  is  elahorated  at  the  primitive  node  of  Ranvier 
between  two  young  segments.     This  results  in   fusion  of  the  two  seg- 
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ments  with  complete  obliteration  of  the  node  (Fig.  8).  The  elongated 
segment  is  left  for  a  time  with  two  sheath  cells.  In  the  example  cited, 
one  of  the  sheath  cells  moved  distallv  for  a  short  distance  and  a  new 
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PLATE  V 

IMC;.  9.  Addition  of  two  new  myelin  sheath  segments  at  the  end  of  a  myelinat- 
ing  fiber  in  a  normal  young  salamander.  No.  869. 

October  26,  the  myelin  sheath  of  a  single  tnyelinated  fiber  ends  at  the  point 
indicated  by  the  arrow.  The  sheath  cell,  A',  is  associated  with  the  final  myelin 
segment.  The  sheath  cell,  Q,  is  on  the  accompanying  untnyclinated  nerve.  The 
most  peripheral  sheath  cell  on  the  nerve  is  shown  at  .V. 

1  'i  tober  30,  S  divides  once,  giving  rise  to  S\  and  SI  and  the  latter  daughter 
cell  divides  giving  rise  to  S2a  and  S2b. 

November  3,  two  new  myelin  segments  are  formed,  one  associated  with  S\  and 
tin  '  it IKT  with  S2a. 

November  8,  the  new  segments  grow  somewhat  both  in  length  and  in  diameter 
and  in  thickness  of  the  myelin  sheath. 

This  region  was  kept  under  observation  for  more  than  two  months  longer. 
During  tlm  period  the  animal  was  subjected  to  partial  starvation  and  no  further 
essential  gn  \\tli  changes  took  place.  Finally,  on  January  18,  the  myelin  segment 
associated  with  S2a  suffered  degeneration,  possibly  as  an  indirect  result  of  mal- 
nutrition. 
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PLATE  VI 

FIG.  10.  Intercalation  and  addition  of  new  myelin  sheath  segments  in  the  vi- 
cinity of  a  nerve  fork.  Normal  salamander,  No.  876. 

October  29,  three  myelin  segment.-;  are  visible  associated  with  the  sheath  cells, 
R,  T,  and  U,  respectively.  Sheath  cells,  P,  Q,  S,  and  N  are  associated  with  tm- 
myelinated  nerve  fibers. 

October  31,  a  new  myelin  segment  appears  in  relation  wijh  S.  Longitudinal 
extension  of  the  myelin  sheath  segments  associated  with  R  and  T  is  also  noticeable. 
Q  divides,  giving  rise  to  Ql  and  Q2. 

November  2,  a  new  myelin  segment  is  formed  in  relation  with  01.  The 
segment  associated  with  S  grows  both  in  length  and  in  diameter. 
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node  of  Ranvier  then  appeared  at  a  locus  previously  covered  with  mye- 
lin.  In  this  manner  a  segment  was  left  provided  with  myelin  which 
had  originated  under  the  influence  of  two  sheath  cells. 

Rapid  Myeliiwgenesis  During  Regeneration 

The  preceding  examples  of  myelin  segment  formation  are  from  ani- 
mals undergoing  slow  normal  growth  and  development.  A  very  rapid 
process  of  myelination  may  he  induced  experimentally  by  partial  ampu- 
tation of  the  tail,  followed  by  regeneration.  From  the  cut  ends  of  the 
nerves  at  the  site  of  amputation  sprouts  grow  out  into  the  newly  re- 
generating tail  tip,  the  sheath  cells  of  Schwann  follow  along  them,  and 
typical  unmyelinated  nerves  are  formed.  Lines  of  myelin  segments  ap- 
pear later  along  some  of  the  fibers. 

In  the  example  given  (Fig.  12)  a  region  is  shown  in  the  newly 
regenerating  tail  fin  1 1  days  after  the  amputation  operation.  During 
the  next  7  days  the  nerves  increased  in  size  and  the  sheath  cells  pro- 
liferated and  moved  distally  as  indicated  by  the  arrows.  That  some  of 
the  fibers  were  ripe  for  myelination  is  indicated  bv  their  swollen  appear- 
ance and  by  the  alignment  of  sheath  cells  along  the  edge.  On  the  fol- 
lowing day  many  new  definitive  myelin  segments  were  visible.  During 
the  next  three  weeks  further  progress  of  myelination  took  place.  This 
consisted  not  onlv  in  the  formation  of  new  segments,  but  also  in  the 

PLATE  VII 

I;K,.  11.  Pressure  irritation  and  degeneration  of  terminal  myelin  segments, 
followed  by  temporary  restoration  of  one  and  loss  or  transfer  of  sheath  cell. 
Normal  salamander,  No.  866. 

October  23,  at  the  end  of  a  single  nerve  fiber  four  normal  myelin  segments 
are  visible  associated  with  their  sheath  cells,  Q,  R ,  S,  and  T,  respectively.  On 
October  26,  as  a  result  of  slightly  too  much  pressure  exerted  by  the  cover  slip 
during  observation,  these  segments  became  greatly  irritated  and  degeneration  en- 
sued. 

October  30,  sheath  cell,  T,  disappears  entirely.  Sheath  cell,  S,  has  transferred 
to  a  near-by  nerve.  Sheath  cells,  Q  and  A',  remain  in  position.  Small  myelin 
ovoids  and  granules  are  in  evidence  along  the  degenerating  fiber.  New  sprouts 
appear  at  N  and  at  /. 

November  3.  in  association  with  sheath  cell,  Q,  a  new  myelin  segment  forms. 
It  grows  in  length  during  the  next  few  days.  Sheath  cell,  .V,  migrates  farther 
distally  along  the  nerve,  as  indicated  by  the  arrow.  On  November  6  the  sheath 
(i  11,  A',  becomes  somewhat  vacuolated  and  then  undergoes  degeneration.  On  No- 
vember 12  tin-  newly  regenerated  myelin  segment  associated  with  Q  degenerated. 

November  16,  sheath  cell,  Q.  transfers  to  a  near-by  nerve  and  slowly  migrates 
in  the  direction  of  the  arrow.  A  new  myelin  segment  appears  in  association  with 
/.. 

December  12,  a  sheath  cell,  M.  transfers  from  the  nerve  at  the  right  and 
moves  as  indicated  by  the  arrows,  finally  arriving  at  the  node  of  Ranvier  between 
segments.  /  and  /..  A  second  line  of  myelin  segments  appears  on  one  of  the 
fibers  of  the  mixed  nerve  at  the  right  of  the  figure.  The  wrinkling  of  the  myelin 
sheath  of  the  segment  associated  with  A'  is  indicative  of  an  irritated  state.  On 
January  3  this  segment  degenerated. 
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growth  in  length  and  diameter  of  each  unit,  and  increase  in  the  thickness 
of  the  my  el  in. 

In    the    large    nerves    the    intimate    intermingling-   of    the    libers    in 


PLATE  VII 

process  of  myelin  ensheathment  with  those  that  remained  nnmyelinated 
prevented  clear-cut  histories  for  all  segments.  In  some  cases,  how- 
ever, the  complete  history  of  formation  and  growth  of  single  segments 
is  obvious  (as  with  M,  Rl,  T,  and  U). 

This  example  of  regeneration,  together  with  others  of  similar  nature, 
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Oct.  23 
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PL  ATI,  VIII   (A) 

FIG.  12.  Myelinogenesis  during  rapid  regeneration.  Salamander,  No.  867, 
<  nerating  zone,  11  to  40  days  after  partial  tail  amputation.  The  tail  was  sec- 
ti'iiird  on  October  1 2. 

'  >.  !"l>rr  23,  a  sheath  nil,  S.  on  a  newly  regenerating  unmyelinated  nerve  is  in 
mitosis.  Two  other  sheath  cells  arc  visible  on  this  nerve  distally.  The  mixed 
in  r\c  at  the  upper  left  of  the  figure  includes  an  unmyelinated  portion  and  a  single 
•  nt  associated  with  the  sheath  cell  at  Q. 

October  30,  the  sheath  cells  multiply  and  exhibit  migration  distally,  as  indi- 
cated by  tin  arrows.  Sheath  cell,  R,  divides  into  AM  and  A'2.  Both  nerves  have 
a  somewhat  -\\<.llm  appearance  and  there  is  a  distinct  tendency  for  the  sheath 
cells  t<>  alit;n  themselves  along  the  nerve  edges. 

October  31,  two  lines  of  thin  myelin  segments  become  differentiated  in  the 
lower  nerve  rxtriidini;  distally  to  the  point  indicated  by  the  arrow.  In  the  upper 
nerve  a  second  fiber  Incomes  provided  with  a  segment  appearing  at  \I  and  another 
at  AM.  A  new  sprout  and  sheath  cejl  appear  at  T. 
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PLATE  VIII   (B) 

November  2,  myelin  segment  formation  proceeds  distally.  A  new  segment 
is  formed  at  T. 

November  8,  the  myelinated  fibers  become  more  conspicuous  and  many  of  the 
separate  segments  exhibit  growth  in  length  and  thickness.  New  myelin  segments 
are  visible  at  U  and  at  N. 

November  21,  the  lower  nerve  now  includes  three  myelinated  fibers  as  well  as 
an  unmyelinated  portion.  Elongation  of  segments  takes  place  which  is  correlated 
with  the  growth  of  surrounding  tissues  as  regeneration  of  the  tail  proceeds.  New 
myelin  segments  are  visible  at  O  and  P. 

This  region  was  kept  under  observation  until  January  18,  during  which  time 
some  further  minor  changes  took  place.  Segments,  O  and  P,  presented  a  history 
of  special  interest,  which  is  shown  in  Plate  IV,  Fig.  8. 
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makes  it  clear  that  the  great  time  for  new  myelin  segment  formation  in 
the  proximal  regenerating  zone  is  from  about  IS  to  25  days  after  the 
injury.  In  more  distal  zones  of  regeneration  this  may  he  somewhat 
later. 

This  case  also  brings  out  how  whole  nerves  lengthen  or  stretch  to 
keep  pace  with  the  growth  of  the  terrain.  Thus,  the  distance  between 
the  two  forks  of  the  lower  nerve  becomes  distinctly  greater  during  the 
29  days  represented  by  the  sketches  (Fig.  12). 

Myelination  of  a  Cranial  Xcrve 

Branches  of  the  lateral  line  nerve  (a  vagus' nerve  division)  were 
watched  to  see  whether  there  might  be  any  difference  in  the  mechanism 
of  myelin-sheath  formation  along  a  cranial  nerve  fiber.  Case  histories 
of  a  few  myelin  segments  were  obtained  which  indicated  that  the  process 
of  myelination  on  this  cranial  nerve  is  entirely  like  that  observed  on  the 
spinal  nerves. 

Nerve  Irritation  and  Adjustment 

During  growth  and  regeneration  the  nerves  are  subjected  to  various 
stresses  and  strains.  Xerve  irritation  is  frequently  the  result.  A  con- 
dition of  this  sort  i-  easily  recognizable  because  of  the  reaction  exhibited 
by  the  myelinated  fibers. 

An  irritated  internodal  segment  may  exhibit  swelling,  vacuole  forma- 
tion between  the  axis  cylinder  and  the  myelin  sheath,  widening  of  the 
node  of  Kanvier  as  the  myelin  sheath  slips  or  disappears  in  this  region, 
and  wrinkling  of  the  myelin  sheath.  Myelin  spherules  may  become  de- 
tached from  the  sheath.  If  the  irritation  is  strong  the  segment  will 
degenerate,  the  sheath  segmenting  into  myelin  ovoids  and  granules.  It 
the  irritation  is  not  too  strong  the  segment  may  readily  recover  within 
a  day  or  two,  suffering  little  or  no  loss  of  its  myelin  sheath. 

A  beautifully  graded  series  of  irritated  segments  may  be  observed 
immediately  after  the  tip  of  tin-  tail  is  momentarily  immersed  in  hot 
water.  A  nerve  fiber  which  innervates  the  scalded  zone  shows  acute 
irritation.  On  such  a  fiber  the  myelin  segments  near  the  edge  of  the 
burned  region  quickly  swell  and  undergo  rapid  metamorphosis  leading 
to  tin-  formation  of  myelin  ovoids  (Fig.  7). 

Farther  proximally  the  myelin  segments  are  less  strongly  irritated. 
They  exhibit  a  distinct  swelling  like  that  shown  by  the  segment  in  the 
illustration  (Fig.  7,  at  12:20).  They  do  not  break  up.  however,  and 
during  the  next  few  days,  as  recovery  takes  place,  the  swelling  subsides. 

Similarly,  following  partial  tail  amputation  the  myelin  segments 
bordering  the  cut  edge  undergo  traumatic  irritation  and  degeneration. 
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Those  farther  proximally  may  remain  quite  intact  and  merely  exhibit 
swelling.  A  case  of  traumatic  degeneration  following  an  injury  to  the 
overlying  skin  is  given  (Fig.  11).  This  case  also  illustrates  replace- 
ment of  one  of  the  degenerated  myelin  segments,  followed  later  by  a 
second  degeneration. 

Whenever  tissue  shrinkage  occurs,  the  nerve  fibers  in  the  /one  of 
shrinkage  become  somewhat  wrinkled.  Sometimes  a  slight  degree  of 
telescoping  of  one  segment  on  the  next  is  evident.  Swelling,  vacuole 
formation,  and  detachment  of  small  myelin  spherules  may  accompany 
this  condition  of  irritation.  Recovery  may,  or  may  not,  take  place 
without  loss  of  the  myelin  sheath,  depending  upon  the  strength  of  the 
irritation.  Older  more  massive  segments  of  the  myelin  sheath  offer 
stronger  resistance  to  the  degenerative  process  than  do  younger  slighter 
segments. 

Typical  phenomena  of  nerve  irritation  may  also  be  observed  after 
subjection  of  the  animal  to  alcohol  intoxication,  to  a  strong  anesthetic 
(chloretone),  to  pressure,  to  partial  desiccation,  to  starvation  or  mal- 
nutrition, and  to  near-freezing  temperature.  Since  many  varieties  and 
many  gradations  of  nerve  irritation  of  both  acute  and  chronic  types  have 
already  been  described  in  some  detail  in  the  case  of  frog  tadpoles  (Spei- 
del,  1935),  it  is  unnecessary  that  further  consideration  be  given  to  this 
subject  in  the  salamander.  Fundamentally,  the  reactions  in  both  species 
are  quite  similar. 

DEGENERATION  AND  REGENERATION  ALONG  THE  PROXIMAL  AND 
DISTAL  STUMPS  OF  SECTIONED  NERVES 

After  nerve  section  the  processes  of  degeneration  and  regeneration 
in  the  salamander  proceed  as  in  the  frog  tadpole.  Typical  trophic 
(Wallerian)  degeneration  takes  place  along  the  distal  stum]).  In  the 
case  of  sectioned  myelinated  fibers  the  peripheral  portion  always  exhibits 
total  degeneration.  A  certain  amount  of  traumatic  degeneration  is 
visible  on  the  proximal  stump  close  to  the  site  of  the  wound.  Repair 
is  effected  by  growth  of  sprouts  from  the  cut  nerve  fibers,  by  migration 
and  multiplication  of  the  sheath  cells  of  Schwann,  and  finally  by  forma- 
tion of  new  segments  of  myelin  sheath.  Ordinarily,  the  regenerating 
fibers  follow  the  distal  stump  more  or  less  closely. 

The  regeneration  of  sectioned  unmyelinated  nerves  is  more  difficult 
to  follow  exactly.  These  nerves  form  anastomoses  freely  with  one 
another.  The  distal  stump  of  a  cut  unmyelinated  nerve  usually  exhibits 
partial  but  not  total  degeneration.  The  explanation  of  this  result,  to- 
gether with  illustrative  case  histories,  has  already  been  advanced  in  con- 
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nection  with  similar  results  in  frog  tadpoles.  Tin-  distal  stump  of  such 
a  nerve  includes  at  least  one  reverse  fiber  which  has  not  been  severed 
from  its  cell  body  by  the  cut,  but  is  still  connected  with  it  by  way  of 
a  peripheral  anastomosis  with  a  normal  unsectioned  nerve.  As  far  as 
Mich  a  reverse  fiber  is  concerned  the  distal  stump  is  in  reality  a  proximal 
stump.  Furthermore,  after  the  operation  other  fibers  from  adjacent 
iKTves  may  join  the  degenerating  distal  stump  and  grow  along  it  in 
either  direction.  Junction  of  distal  and  proximal  stumps  may  take 
place  with  growth  cones  progressing  in  either  direction  across  the  wound 
zone.  Collateral  sprouts  are  usually  stimulated  to  grow  out  from  the 
near-by  uninjured  nerves. 

Mixed  nerves,  likewise,  since  they  include  an  unmyelinated  portion, 
may  exhibit  incomplete  degeneration  as  far  as  the  unmyelinated  fibers 
are  concerned. 

POLARISCOPIC  OP.SKKVATIOXS 

Under  the  micropolariscope  with  crossed  Xicol  prisms  the  myelin 
sheath  is  brilliantly  illuminated.  It  is  negatively  anisotropic.  The 
neurilemma,  axis  cylinder,  the  unmyelinated  libers,  and  the  terminal 
growth  cones  are  all  isotropic.  Occasionally,  though  not  often,  one 
or  more  anisotropic  granules  may  be  present  within  a  sheath  cell. 

In  the  development  of  a  myelin  segment  the  pre-myelin  substance 
is  isotropic.  Very  young  myelin  segments  exhibit  thin  lines  of  weak 
anisotropy.  Older  and  thicker  mvelin  segments  exhibit  strong  aniso- 
tropy.  Thus,  the  development  of  the  anisotropic  condition  closely 
parallels  the  growth  of  the  sheath. 

During  myelin  sheath  degeneration,  the  anisotropic  condition  is 
exhibited  by  the  myelin  ovoid>  and  granules,  (iradually  the  anisotropy 
becomes  less  pronounced  as  degeneration  proceeds.  In  the  case  of 
individual  globules  or  granules,  however,  it  may  persist  for  several 
days  or  more. 

CINE-PHOTOMICROGRAPHS  OK  XKRVK  FIBKRS  IN  TIII-:  SALAMANDKR 

Successful  motion-picture  records  have  been  obtained  of  salamander 
nerve  libers  showing  the  essential  changes  during  growth  and  myelina- 
tion.  The  magnification  is  sufficient  to  reveal  some  of  the  finest  histo- 
1'i^ical  details.  These  cine-photomicrographs  are  mostly  of  the  fast- 
motion  ( time-lapse )  type. 

.\bi\enients  of  the  growing  nerve  tips  are  vividlv  revealed  bv  pic- 
tures taken  at  the  rate  of  one  every  two  seconds.  \Vlicn  these  are 
projected  mi  the  screen  at  the  rate  of  sixteen  per  second  all  movements 
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become  magnified  thirty-two  times.  Movements  of  the  sheath  cells  are 
quite  slow  and  are  hest  brought  out  on  the  screen  by  photographs  taken 
at  a  slow  rate,  e.g.,  one  every  eight  seconds.  In  projection  these  move- 
ments become  magnified  one  hundred  and  twenty-eight  times.  For 
records  of  the  daily  progress  of  myelin  sheath  formation  on  a  fiber,  the 
pictures  were  usually  taken  at  the  normal  rate  of  sixteen  per  second. 
Among  the  subjects  photographed  are  the  following: 

1.  Rapidly    advancing    pioneer    growth    cones    in    newly    regenerating    regions 
(several  examples). 

2.  Varicosity  formation   following  the  blocking  of  an  active  growth  cone  by 
connective  tissue  cell  processes. 

3.  Movements  of   sheath  cells  of   Schwann   along  newly   regenerating  nerves. 

4.  Mitoses  of  sheath  cells  of  Schwann. 

5.  Addition  of  new  terminal  segments  of  myelin  sheath  along  a  regenerating 
nerve  fiber. 

6.  Formation  of  many  new  myelin  segments  and  the  process  of  transforma- 
tion of  a  composite  unmyelinated  nerve  into  a  mixed  nerve  including  several  mye- 
linated    fibers.      ( Photographed    at    intervals    from    16    to    71    days    after    partial 
amputation  of  the  tail.) 

7.  Examples  of  strongly  irritated  myelin  segments. 

SUMMARY 

In  living  salamanders  (Tritnnts  viridescens)  individual  nerve  fibers 
have  been  directly  observed  for  prolonged  periods  (several  months) 
during  the  processes  of  growth  and  myelination,  degeneration  and  re- 
generation, irritation  and  recovery.  The  behavior  of  nerves  in  the 
young  salamander  is  fundamentally  like  that  in  the  frog  tadpole. 

In  newly  regenerating  zones  a  few  days  old  the  earliest  nerve  sprouts 
are  visible  slowly  probing  their  way  through  the  mesenchymal  spaces 
toward  the  skin.  At  the  tip  of  each  fiber  is  an  enlargement,  or  growth 
cone,  which  advances  by  ameboid  movement.  In  action  the  growth 
cone  is  provided  with  delicate  pointed  pseudopods ;  while  at  rest  it  is 
smoothly  rounded ;  during  retraction  it  is  characterized  by  knob-like 
excrescences. 

Growth  of  the  sprouts  is  not  necessarily  continuous,  but  is  often 
sporadic  in  nature.  That  local  conditions  are  not  wholly  responsible 
for  growth  cone  progress  is  suggested  by  the  differences  in  behavior 
exhibited  by  closely  grouped  growth  cones  subject  to  approximately  the 
same  local  environmental  influences. 

Barriers  to  growth  cone  progress  are  afforded  by  the  tissues  of  the 
tail,  such  as  the  processes  of  connective  tissue  cells.  Such  barriers  often 
induce  retraction  followed  by  some  change  of  direction  of  growth  cone 
extension.  A  varicosity  may  be  left  at  a  site  of  temporary  obstruction. 
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Cell  mitosis,  /rr  sc.  either  of  sheath  cells  or  of  fibroblasts,  probably 
has  a  stimulating  effect  on  nerve  sprouts.  An  active  growth  cone  on 
touching  a  small  nerve  may  also  induce  neuroplasmic  movements  at  the 
point  of  contact. 

The  second,  third,  and  later  growth  cones  usually  follow  more  or 
less  closely  the  pathwav  laid  down  by  the  first  growth  cone.  Thus,  the 
early  unmyelinated  nerves  are  formed.  These  are  soon  provided  with 
sheath  cells  of  Schwann.  which  migrate  outward  from  the  central  re- 
gions and  multiply  by  mitosis.  These  cells  are  necessary  for  the  forma- 
tion of  both  neurilemma  (  sheath  of  Schwann  )  and  the  mvelin  sheath. 

The  mvelin  sheath  is  formed  only  through  the  cooperative  activity 
of  the  nerve  fiber  and  the  sheath  cell.  Xot  all  nerve  libers,  however, 
are  equally  ripe  for  myelination.  Those  which  emerge  from  a  mvelin 
sheath  (myelin-emergent)  are  especially  ripe  for  the  production  of 
mvelin.  The  differential  factor,  therefore,  responsible  for  myelin  is 
inherent,  not  in  the  sheath  cell,  but  in  the  nerve  fiber. 

The  myelin  is  laid  down  in  segments,  one  segment  genetically  cor- 
responding to  the  zone  of  influence  of  one  sheath  cell.  The  earliest 
myelin  of  a  segment  usually  appears  near  the  sheath  cell  nucleus.  It 
grows  by  continuous  extension  in  both  directions  awav  from  the  nucleus. 

The  first  segments  appear  proximally  near  the  nerve  roots.  Prog- 
ress of  the  sheath  is  in  the  distal  direction,  each  new  segment  being 
added  at  the  end  of  the  myelin  line. 

Myelination  in  salamanders  usually  involves  myelin-emergent  nerve 
fibers  which  are  intimately  intermingled  with  non-myelin-emergent 
fibers.  These  an-  often  enclosed  at  first  bv  a  single  neurilemma. 
There  is  a  progressive  sorting  out  of  such  libers  so  that  the  composite 
nerve  containing  both  myelin-emergent  and  non-myelin-emergent  fibers 
within  a  single  neurilemma  is  transformed  into  a  mixed  nerve  in  which 
some  of  the  constituent  libers  are  provided  with  individual  sheaths. 

Myelin  segments,  though  relatively  stable,  may  undergo  various 
adjustments.  Thus,  end-to-end  anastomosis  of  two  segments  may  oc- 
cur; a  portion  of  a  segment  may  he  appropriated  by  the  next  one  and 
a  new  node  of  Ranvier  established;  bare  lengths  ot  nerve  fiber  between 
two  segments  may  become  ensheathed  by  the  process  of  intercalation 
of  a  whole  segment. 

Varieties  of  nerve  regeneration  and  phenomena  associated  with 
nerve  irritation  and  recovery  in  the  salamander  are  quite  like  those  al- 
rea<l\  recorded  in  the  frog  tadpole. 

I'l'lan-ropR-  observations  of  all  stages  of  myelinogenesis  indicate 
that  the  development  of  anisotropy  closely  parallels  the  development 
of  the  myelin  sheath.  The  pre-myelin  substance  of  prospective  myelin 
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segments  is  isotropic ;  the  youngest  segments  are   weakly  anisotropic ; 
the  older  and  thicker  segments  are  strongly  anisotropic. 

By  means  of  cine-photomicrography,  permanent  records  have  been 
obtained  which  illustrate  the  essential  changes  exhibited  by  individual 
nerve  fibers  in  salamanders  during  growth,  regeneration,  and  myelina- 

tion. 
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THE  GOLGI  BODIES  IN  THE  NERVE  CELLS  OF  THE 

CRAYFISH,  CAMBARUS 

L.  H.  KLEINHOLZ 
(From  the  Biological  Laboratories,  Harvard  University) 

A  survey  of  the  literature  on  the  cytology  of  the  arthropod  nerve 
cell  with  regard  to  the  Golgi  apparatus  reveals  a  controversial  hetero- 
geneity of  opinion.  Poluszynski  (1911),  who  worked  with  the  Euro- 
pean crayfish,  Astacus,  reported  the  presence  of  the  Golgi  material  in 
the  ganglion  cells  as  discrete  elements,  quite  different  from  the  classical 
reticular  pattern  of  Camillo  Golgi,  and  was  confirmed  in  this  by  the 
findings  of  Bialkowska  and  Kulikowska  (1912),  working  on  insects. 
Monti  (1915),  however,  questioned  these  earlier  descriptions,  having 
found  in  her  preparations  of  the  nerve  cells  of  Astacus  that  the  Golgi 
apparatus  was  present  as  a  fine  reticulation,  a  typical  and  conventional 
"  apparato  interno  reticulare  "  of  Golgi.  Ross  (1922)  used  as  material 
for  his  studies  the  large  ganglion  cells  of  the  American  crayfish, 
Cambarus,  but  could  find  neither  discrete  elements  nor  the  typical 
reticular  apparatus.  In  spite  of  this,  he  accepted  unquestionably  the 
structures  reported  by  Monti,  describing  her  preparations  as  the  only 
ones  which  showed  a  Golgi  apparatus  familiar  in  structure  and  appear- 
ance, and  attributing  her  success  to  the  superb  technique  at  her  com- 
mand. 

The  results  and  conclusions  of  these  earlier  investigators  were  not 
universally  and  unqualifiedly  accepted,  for,  to  add  to  the  already  existing 
confusion  there  came  conflicting  reports  from  various  continental  work- 
ers. Migliavacca  (1930)  reinvestigated  the  nerve  cell  of  Astacus  and 
reported  a  typical  Golgi  apparatus,  taking  the  view  that  the  discrete 
elements  found  by  former  workers  were  stages  in  the  development  of 
the  chondriosomes.  Beams  and  King  (1932)  used  neither  Cambarus 
nor  Astacus,  but  drew  their  conclusions  from  studies  on  the  nerve  cord 
of  insects,  that  the  Golgi  substance  was  present  in  these  cells  as  discrete 
bodies  distributed  through  the  cytoplasm.  Another  examination  of  the 
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nerve  cells  of  Astacns  by  Dornesco  (1934)  revealed  the  Golgi  material 
as  discrete,  discontinuous  elements. 

In  spite  of  the  diversity  of  opinion  and  contradictory  reports  on  this 
subject,  and  the  failure  of  Ross  to  see  any  Golgi  structure  in  his  prep- 
arations, there  has  been  no  repetition  of  Ross'  work  to  see  whether  the 
Golgi  apparatus  was  demonstrable  and  what  its  appearance  would  be  in 
the  nerve  cells  of  Cambants.  It  was  with  this  purpose  in  mind  that  the 
present  work  was  undertaken. 

I  wish  here  to  acknowledge  my  indebtedness  to  Professor  Alden  B. 
Dawson  for  much  interest  and  invaluable  criticism  during  the  course  of 
this  work,  and  to  Dr.  John  II.  Welsh,  Jr.  for  identifying  the  species  of 
crayfish  used. 

Two  species  of  crayfish  were  used  in  this  investigation,  Cambams 
rlrilis  and  Cambarus  clarkii.  Only  healthy  active  animals  were  selected 
from  specimens  kept  in  a  concrete  aquarium  tank.  In  removing 
ganglia  for  fixation,  portions  of  the  abdominal  cord  were  rapidly  dis- 
sected out  and  dropped  into  the  fixative,  with  no  previous  anesthesia  or 
killing  of  the  animal ;  in  some  cases  the  thoracic  ganglia  were  removed 
for  study.  The  time  between  exposure  of  the  nerve  cord  and  immer- 
sion in  the  fixative  never  exceeded  one  minute,  the  possibility  of  post- 
mortem changes  in  the  structure  of  the  nerve  cells  being  thus  reduced 
to  a  minimum. 

The  methods  used  to  demonstrate  the  Golgi  apparatus  were  Lud- 
ford's  modified  Mann-Kopsch  technique,  the  methods  of  Nassanov- 
Kolatchev,  Cajal,  DaFano,  and  Schridde's  process  of  staining  with  iron 
hematoxylin  after  Champy  fixation.  The  nerve  cells  proved  somewhat 
refractory  to  impregnation  with  osmic  acid,  the  Golgi  apparatus  not 
being  clearly  impregnated  until  after  ten  or  eleven  clays  of  post-osmica- 
tion  at  35°  C.  in  2  per  cent  osmic  acid.  This  may  explain  why  Ross 
was  unable  to  reveal  these  structures. 

The  most  consistent  results  were  obtained  with  the  Nassanov-Kolat- 
chev  technique.  Moreover,  in  several  instances,  following  the  routine 

Explanation  of  Plate  I 

1.  Large  ganglion  cell  from  abdominal  cord  of  C.  clarkii.  showing  mito- 
«  !i"iidria  and  discrete  Golgi  bodies.  Champy-Kull  fixation  and  staining. 

Large  ganglion  cell  from  thoracic  cord  of  C.  virilis,  showing  distribution 
of  Golgi  bodies.     DaFano's  cobalt  nitrate-silver  method. 

3.  Small  ganglion  cells  from  abdominal  cord  of  C.  clarkii,  showing  mito- 
chondria and  Golgi  bodies.  Champy-Kull  technique. 

•J-  "anglion    cell    from    abdominal   cord    of    C.    clarkii,    showing   Golgi 

bodies.     Clumpy  fixation  followed  by  Schridde's  modified  mitochondria!  stain. 

5.   i  ••.ui.ulinii  cell  from  thoracic  cord  of  C.  ririlis,  showing  Golgi  bodies 

The  osmic  impregnation  is  heavier  in  the  basal  region  of  the  cell.  Nassanov- 
Kolatchev  tcchniqr 
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Champy-Kull  method  for  mitochondria,  the  Golgi  bodies  were  found 
to  have  been  stained  by  the  acid  fuchsin.  Fixation  in  Bourn's  picro- 
formol-acetic  acid  mixture  followed  by  iron  hematoxylin  staining  gave 
the  negative  image  of  the  Golgi  structure  reported  by  Beams  and  King 
for  insect  nerve  cells.  The  mitochondria  were  revealed  by  fixing  and 
staining  according  to  the  method  of  Champy-Kull. 

The  degree  of  impregnation  of  the  osmic  acid  in  the  cells  varied 
considerably.  In  some  sections,  two  cells  lying  side  by  side  showed 
differences  in  the  amount  of  osmication ;  large  cells  lying  near  the 
periphery  of  the  nerve  cord  were  more  heavily  impregnated  than  inter- 
mediate and  small  cells  located  below  the  surface ;  the  amount  of  osmica- 
tion varied  even  in  the  same  cell,  the  peripheral  region  of  the  cell  being 
lighter  in  color  than  the  basal  region.  Poluszynski  attributed  this 
variability  to  varying  physiological  states  of  the  cells,  and  Dornesco 
attempted  to  account  for  a  similar  phenomenon  by  explaining  it  as  due 
to  a  dilution  of  the  osmic  acid  by  the  water  content  of  the  cytoplasm. 
But  in  the  present  work,  even  after  renewing  the  osmic  acid  daily  while 
the  tissues  were  postosmicating,  the  same  variation  in  impregnation 
occurred. 

The  Golgi  bodies  are  present  in  the  ganglion  cells  of  Cambarus  as 
discrete  elements.  These  bodies  are  plate-like  or  discoidal  in  structure 
with  an  outer  osmiophillic  rim  and  an  osmiophobic  medulla ;  in  the  same 
cell  they  are  also  seen  as  semi-circles,  and  curved  and  straight  rods, 
similar  to  the  structures  reported  by  Poluszynski,  Bialkowska  and 
Kulikowska,  Beams  and  King,  and  Dornesco. 

The  distribution  of  the  Golgi  bodies  in  the  cytoplasm  seems  to  be 
uniform,  with  no  definite  orientation  or  polarization,  though  occasional 
cells  were  found  where  they  were  arranged  more  or  less  concentrically 
about  the  nucleus. 

Nerve  ganglia  fixed  and  impregnated  by  the  Cajal  and  DaFano 
methods  gave  good  patterns  of  distribution  but  inferior  morphological 
pictures  in  that  the  Golgi  bodies  were  distorted.  Figures  1  and  3  are 
cells  from  sections  fixed  and  stained  after  the  Champy-Kull  technique. 
The  cells  show  mitochondria  as  granules  and  short  rods,  and  also  the 
i  bodies.  In  no  preparation  were  the  mitochondria  seen  anastomo- 
to  form  a  reticulum  as  claimed  by  Hosselet  (1929)  for  insect  nerve 
cells. 

1 1  may  be  concluded  from  this  paper  and  from  the  investigations  of 
other-  that : 
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1.  There  are  Golgi  bodies  present  in  the  ganglion  cells  of  Cambarus  as 

discrete  elements,  now  recognized  as  typical    for  much  inverte- 
brate somatic  tissue. 

2.  They  may  be  readily  demonstrated  by  mitochondria!  techniques  using 

acid  fuchsin  or  iron  hematoxylin,  as  well  as  by  the  classical  osmic 
acid  and  silver  methods. 

3.  Ross  either  did  not  find  the  Golgi  structures  in  the  nerve  cells  of 

Cambarus  clue,  possibly,  to  their  refractory  behavior  to  osmic 
acid,  or  they  were  overlooked  by  him  in  his  preparations. 

4.  Ross  was  not  justified  in  accepting  the  reticular  structures  reported 

by   Monti    for  Astacus  as   the   typical   Golgi   apparatus   of   the 
crustacean  nerve  cell. 
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STENOSTOMUM  PSEUDOACETABULUM  (NOV.  SPEC.) 

JOHN  W.  XUTTYCOMBE  AND  AUBREY  J.  WATERS 
(From  the  Department  of  Zoology,  University  of  Georgia) 

The  species  he-re  described  fits  well  into  the  genus  Stcnostoinum  as 
defined  by  von  Graff  (1913)  but  differs  sharply  from  species  listed  by 
von  Graff  (1913)  and  from  those  described  by  Higley  (1918),  Sonne- 
born  (1930),  Kepner  and  Carter  (1931),  Xultycombc  (1931),  Jones 
(1932),  and  Xuttycombe  (1932). 

Healthy  specimens  measure  from  .75  to  2.5  mm.  in  length.  We 
have  never  encountered  specimens  without  a  fission  plane  and  large 
individuals  frequently  show  seven  well-defined  planes  (Fig.  1,  F}. 

The  head  is  sharply  marked  off  by  a  constriction  just  anterior  to  the 
mouth  and  is  somewhat  spatulate.  Posterior  to  the  head  the  body  is 
cylindrical  and  tapers  gradually  into  an  attenuated  caudal  region.  The 
posterior  end  of  this  region  bears  a  dorsally  directed  outgrowth  (Fig.  1, 
A,  co)  very  similar  to  that  described  for  S.  rhachiocaudatuni.  In  S. 
pscudoacctabuluin,  however,  the  outgrowth  arises  at  the  new  fission 
plane  as  a  postero-dorsal  outgrowth  from  the  anterior  zooid  (Fig.  1,  D). 
In  well- fed  individuals  the  body  as  a  whole  is  very  thick  and  heavy. 

In  reflected  light  the  animal  is  white.  In  transmitted  light  the 
integument  and  anterior  region  are  translucent  or  pale  brownish.  The 
enteric  region  is  gray,  brownish,  or  almost  black  dependent  upon  food 
content.  The  enteron  (Fig.  1,  A,  en)  has  many  glistening  vacuoles. 

The  general  ciliary  coat  is  uniform— cilia  about  as  long  as  epidermis 
(epidermis  other  than  in  free  caudal  region;  here  it  is  thinner  than 
elsewhere)  is  thick.  Non-vibratile  cilia,  three  to  four  times  as  long  as 
those  in  general  coat,  have  been  observed  in  the  preoral  region  but  not 
elsewhere. 

Rod-shaped  rhabdites  (Fig.  1,  E)  vertically  disposed,  and  uniformly 
distributed  lie  just  beneath  the  surface  of  the  epidermal  cells. 

The  two  ciliated  pits  (Fig.  1,  A,  cp}  are  of  medium  si/.e  and  laterally 
placed. 

The  cephalic  ganglia  (Fig.  1,  A,  eg}  conform  to  the  general  pattern 
for  the  genus.  Light-refracting  bodies  associated  \vith  the  ganglia  have 
not  been  observed. 

From  above  the  mouth  at  rest  resembles  very  strongly  a  trematode 
acetabulum.  This  feature  suggested  the  name  pscudoacctabuluni.  This 
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FIG.  1.  A,  S.  pseudoacetabulum,  dorsal  aspect  in  optical  section;  cp,  ciliated 
pits;  eg,  cerebral  ganglia;  pit,  pharynx;  en,  enteron ;  phg,  pharyngeal  glands;  t, 
testis ;  pn,  protonephridium ;  cp,  dorsal  view  of  epidermis  only;  co,  caudal  out- 
growth. B,  diagrammatic  sketcli  of  anterior  region  with  pharynx  everted.  C, 
diagrammatic  sketch  of  anterior  region  with  pharynx  inverted.  D,  fission  plane 
with  developing  pharynx  and  developing  caudal  outgrowth.  E,  details  of  body  wall 
and  enteron  to  show  endoderm,  pseudocoel,  and  ectoderm.  1:,  outline  of  chain  of 
eight  zooids  labelled  to  indicate  relative  age  of  fission  planes.  G,  lateral  view  of 
caudal  outgrowth  with  terminal  protonephridial  opening. 
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sucker-like  appearance  is  due  to  the  fact  that  the  lips  are  invaginated  so 
deeply  as  to  involve  about  the  anterior  one-third  of  the  pharyngeal  wall 
(Fig.  1,  C).  This  region  may  be  everted  rapidly  to  form  a  proboscis- 
like  structure  (Fig.  1,  B). 

The  pharynx  is  widened  posteriorly  to  form  a  cap  over  the  anterior 
end  of  enteron.  The  pharyngeal  walls  are  highly  muscular  and  promi- 
nently glandular  (Fig.  1,  A,  phg~).  A  sphincter  occurs  between  the 
pharynx  and  the  enteron.  The  pharyngeal  lumen  is  ciliated.  The 
radial  muscle  fibers  from  the  pharyngeal  wall  to  the  body  wall  are  very 
numerous. 

The  enteron  (Fig.  1,  A,  en)  conforms  in  shape  to  the  body  region 
in  which  it  lies.  It  terminates  considerably  anterior  to  the  caudal  end 
of  the  animal  and  leaves  an  enteron-free  caudal  region.  The  enteric 
epithelium  is  approximately  twice  as  thick  as  that  of  the  epidermis 
(Fig.  1,  £)».  Its  cells  are  prominently  vacuolate  and  finely  ciliated. 
Occasional  granular  gland  cells  occur. 

The  general  mesenchyme  is  restricted  to  the  pseudom-l  and  the 
spaces  between  the  organs.  Its  cells  are  of  various  shapes  and  sizes. 

The  protonephridium  (Fig.  1.  ./.  pn)  passes  posteriorly  from  the 
preganglionic  region  beneath  the  transverse  commissure  of  the  cephalic 
ganglia,  dorsal  to  the  pharvnx  and  enteron  and  empties  terminally  be- 
neath the  dorsal  outgrowth  at  the  posterior  end. 

About  half  of  the  specimens  studied  were  sexually  mature  as  males. 
The  testis  (Fig.  1,  A,  /)  is  Incated  above  and  slightly  to  the  right  side 
of  the  pharynx. 

This  species  was  collected  in  large  numbers  from  ponds  in  Bulloch 
County,  Georgia. 

Specific  diagnosis:  Staiostonntin  pseudoacetabulum  differs  from  all 
other  species  of  the  genus  in  that  its  lips,  at  rest  (Fig.  1,  C),  are  in- 
verted well  into  the  pharvnx.  Furthermore,  it  differs  from  all  other 
species,  except  S.  rliachiocaudatnin,  in  having  a  single,  dorsally-directed, 
caudal  outgrowth.  S.  pscitdoacctabulion,  however,  differs  sharply  from 
.V.  rhachiocaudatum  in  that  it  has  no  light-refracting  bodies,  no  vesicular 
bodies  in  the  epidermis  and  a  terminal  opening  for  the  nephridiopore, 
whereas  S.  rJiachiocaudatum  has  paired  light-refracting  bodies,  promi- 
nent vesicular,  epidermal  bodies  and  the  opening  of  the  nephridiopore 
is  not  terminal. 
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THE  EFFECT  OF  CENTRIFUGING  ON  THE  POLARITY  OF 
AN  ALGA,  GRIFFITHSIA  BORXETIANA 

VHTOR  SCHECHTER 

(From  the  Department  of  Bioloyy,  College  of  the  City  of  New  York,  anil  the 
Marine  Biological  Laboratory,  Woods  Hole,  Mass.) 

INTRODUCTION 

The  nature  of  differentiation  and  particularly  the  causes  of  the  axial 
differentiations  which  define  the  polarity  of  an  organism,  are  problems 
which  have  been  attacked  from  many  different  angles.  Experimental 
procedures  for  a  long  time  centered  about  the  concept  of  specific  organ- 
forming  substances.  At  first  the  simple  expedient  of  overturning  frag- 
ments was  utilized  to  observe  the  effect  of  heavier  and  lighter  substances 
upon  regeneration  through  the  action  of  gravity.  This  method,  em- 
ployed chiefly  with  plant  material,  showed  that  although  orientive  ad- 
justments occurred,  there  was  usually  little  effect  upon  the  actual  point 
of  origin  of  new  roots  and  shoots  (e.g.  Vochting,  1885,  1906;  Loeb, 
1924).  Exceptional  cases,  perhaps  most  clearly  illustrated  in  the  lower 
plants  (Noll,  1900;  \Yulff,  1910)  were  explained,  often  by  the  authors 
themselves,  as  due  to  the  stimulation  <>f  preformed  centers  by  accumu- 
lated indifferent  nutrients. 

At  Naples,  in  1901,  Morgan  attempted  to  analyze  the  effect  of 
gravity  on  the  regeneration  of  Antennularia  through  the  use  of  a  "ro- 
tating wheel."  The  centrifuge  method,  initiated  by  Lynn  in  1906  and 
adopted  by  many  others,1  may  have  developed  from  this  simple  device. 
As  with  gravity,  however,  it  was  shown  clearly  that  centrifugal  displace- 
ment of  visible  granules  is  ineffective  in  altering  the  normal  pattern  of 
growth,  exce] it  of  course  in  the  event  of  injury.  Lillie  (1909)  therefore 
concluded  that  polarity  is  a  property  of  the  ground  substance;  and  Conk- 
lin  (1931)  decided  that  the  effect  of  extremely  high  speeds  (upon  the 
development  of  ascidian  eggs)  is  due  to  the  displacement  of  specific 
areas  in  the  cytoplasm. 

The  ca-e  which  1  wish  to  present  in  this  paper  has  several  points  of 
interest.  It  is  the  only  one  I  know  of  in  which  a  new  axis  of  polarity, 
involving  normal  organ  formation,  is  set  up  by  centrifugal  force.  The 

i  M.-i-an  and  Lyon,  1907;  McCleiulon.  1909;  F.  K.  Lillie.  1909;  Morgan,  1908, 
1909,  ami  l''l<);  Morgan  and  Spooner,  1909;  Hovi-ri,  1910;  Conklin,  1931  and  pre- 
viously. 
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results  arc  obtained  at  surprisingly  low  speeds,  which  renders  improb- 
able the  displacement  of  cytoplasmic  areas.  The  facts  are  of  interest, 
also,  because  of  the  light  which  they  may  be  construed  to  throw  upon  the 
doctrine  of  "  specific  stuffs." 

MATERIAL  AND  METHOD 

During  the  course  of  an  investigation  on  the  effect  of  direct  electric 
current  upon  regeneration  in  the  alga,  Griffithsia  bornetiana  (Schechter, 
1934),  electrophoresis  of  chromatophores  to  the  position  where  rhizoids 
arose  was  frequently  observed.  Preliminary  experiments  with  the  cen- 
trifuge to  determine  whether  there  was  any  causal  relationship  between 
these  two  phenomena  gave  negative  results,  but  indicated  an  interesting 
effect  upon  the  shoots.  The  present  report  is  concerned  with  this  effect. 
The  experimental  work  was  done  chiefly  during  the  summer  of  1934, 
and  the  substance  of  the  results  presented  at  the  Marine  Biological  Lab- 
oratory at  the  seminar  of  August  7,  1934.  I  wish  to  acknowledge  grate- 
fully helpful  conferences  with  Dr.  L.  G.  Earth. 

Freshly  collected  tufts  of  the  alga  were  cut  into  suitably  sized  frag- 
ments and  centrifuged  continuously  for  about  24  hours  with  a  force  of 
approximately  150  X  gravity.  Stratification  of  the  cell  contents  began 
in  about  an  hour  and  after  24  hours  the  chromatophores  were  accumu- 
lated as  a  dense  cap  of  material  at  the  centrifugal  pole,  sharply  marked 
off  from  the  rest  of  the  cell  which  had  become  quite  transparent.  The 
fragments  were  then  allowed  to  develop  in  Syracuse  dishes  of  sea  water 
until  new  shoots  appeared.  An  ocular  micrometer  was  used  for  meas- 
uring and  sketches  were  made  with  the  aid  of  a  camera  lucida. 

In  the  early  experiments  there  was  much  damage  to  the  material, 
arising  toward  the  end  of  the  period  of  centrifuging.  By  avoiding 
overcrowding  and  carrying  out  the  experiments  at  19°  C.  (7-9°  below 
room  temperature  during  the  hot  weeks  of  1934),  injury  was  much  re- 
duced and  often  almost  entirely  avoided.  Under  carefully  controlled 
conditions  one  batch  of  material  was  centrifuged  continuously  for  a 
period  of  four  days  with  a  force  of  61  ]  (  gravity.  Shoots  and  rhizoids 
were  regenerated. 

After  the  usual  amount  of  centrifuging  (about  150  X  gravity  for 
24  hours)  it  required  a  week  or  more  before  redistribution  of  the  cell 
contents  restored  the  normal  appearance.  This  unusual  duration  of 
stratification  may  be  of  significance  with  respect  to  the  effect  upon 
polarity. 
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RESULTS 

Out  of  18  experiments  the  material  died  in  three,  probably  due  to 
high  temperature,  and  in  12  of  the  remaining  15  there  was  more  or  less 
determination  of  shoot  origin  in  each,  as  described  below  : 

\Yhen  the  cell  apexes  were  oriented  outward  from  the  axis  of  rota- 
tion shoots  always  appeared  in  normal  positions  (Fig.  1,  sketches  12, 
13,  14).  On  the  other  hand,  as  shown  in  sketches  1,  2,  6,  8  and  Photo- 
graphs 4  through  12,  shoots  often  arose  from  the  base  when  the  cell 


FIG.  1.     Camera  lucicla  sketches  of  experimental  material. 

Sketches  1-11  of  material  centrifuged  basally.  Induced  basal,  and  some 
shoots  in  normal  position,  are  shown  on  the  same  or  different  cells. 

Sketches  12-14  of  material  centrifuged  apirally.  The  normal  polarity  was 
retained,  (a — cell  apex,  b — base,  s — new  shoot,  r — rhizoid.) 

bases  were  centrifugally  oriented.  However,  basal  shoot  formal  ion  did 
not  necessarily  exclude  proliferation  from  the  apexes  of  the  same  cells 
(  si  3-5,  7,  9-11).  It  is  to  be  noted  that  all  of  the  shoots  were 

quite  normal  in  appearance.  For  comparison  several  young  shoots  on 
control  material  are  shown  in  Photograph  1.  Photographs  2  and  3  are 
of  basally  centrifu-ed  cells  in  which  the  normal  polarity  nevertheless 
remained  unaltered. 
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EXPLANATION  OF  PLATES 


PLATE  I 

Plates  I  and  II  contain  photographs  of  control  (Photograph  1)  and  of  experi- 
mental material  centrifuged  basally. 

1.  Control  showing  two-,  three-  and  four-celled  new  shoots  in  normal  apical 
position. 

2.  A  cell,  centrifuged  basally,  in  which  the  original  polarity  was  retained. 

3.  The  base  of  a  cell  with  material  accumulated  during  centrifugation.     Orig- 
inal polarity  was  retained  in  this  case  as  shown  by  rhizoid  in  normal  position. 

4.  5,  6.  Baso-lateral  shoots  following  centrifugation.     The  cells  were  still  part 
of  the  original   filament,  where  they  occupied  a  position  about  midway  between 
apex  and  base  of  the  plant. 
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An  inspection  of  the  angle  of  induced  shoots  upon  isolated  cells  and 
upon  those  cells  still  part  of  a  filament,  reveals  an  interesting  situation. 
The  new  shoots  came  off  laterally  (Photographs  4,  5,  6)  when  upon  cells 
forming  part  of  a  filament.  On  free  cells  they  usually  arose  directly 
from  the  base  (Photographs  8,  10,  11,  12)  ;  or  there  was  occasionally  a 
shoot  in  each  position.  Photograph  7  shows  a  male  apical  cell  partially 
dislodged  from  the  chain  with  both  a  lateral  and  an  almost  directly  basal 
shoot.  In  Photograph  9,  where  the  adjoining  cell  is  dead,  the  basal 
shoot  has  grown  directly  through  the  dead  region.  These  observations 
indicate  a  tendency  toward  a  rather  local  effect  directly  in  line  with  the 
axis  of  centrifuging. 

Unlike  shoot  formation,  rhizoid  origin  from  centrifuged  cells  was 
not  materially  affected.  In  fact  rhizoids  often  appeared  on  the  cell 
base  together  with  induced  shoots  (Photograph  11).  In  Photograph 
12  a  new  shoot,  by  forming  a  rhizoid  on  its  own  axis,  has  completely 
established  independent  polarity. 

The  series  of  photographs  demonstrates  also  that  shoot-forming  po- 
larity may  be  reversed  in  cells  anywhere  along  the  axis  of  the  alga,  from 
the  extreme  apex  to  the  extreme  base. 

Data  concerned  with  the  frequency  with  which  reversals  occur  is 
based  mainly  upon  four  experiments.  In  cells  oriented  so  that  heavier 
materials  were  thrown  toward  the  apex  229  apical  shoots  were  formed. 
\Yhen  oriented  in  the  opposite  direction  a  roughly  equivalent  number  of 
cells  produced  214  apical  and  121  basal  shoots.  The  centrifugal  forces 
in  these  experiments  were  100  to  220  )(  gravity,  an  average  of  160  X- 

It  seems  interesting  that  the  new  shoots  were  generally  smaller  in  the 
experiments  than  in  the  controls.  In  one  case,  for  example,  14  typical 
shoots  upon  basally  centrifuged  cells  averaged  2.6  cells  in  number 
(range  2-5)  and  0.75  mm.  in  length.  Where  the  heavier  substances 
were  thrown  into  the  cell  apexes  17  shoots,  varying  from  1  to  6  cells, 
averaged  3.3  cells  and  1.17  mm.  in  length.  Eleven  typical  shoots  upon 
control  material  were  3.0  mm.  in  average  length  and  consisted  of  from 
2  to  9  cells,  an  average  of  6.5.  Perhaps  correlated  with  their  smaller 
size  is  the  general  observation  that  new  shoots  occurred  more  frequently 
on  centrifuged  cells.  No  exact  data  on  this  point  are  available  at 
present. 

These  measurements,  besides  showing  a  difference  between  shoots 
on  eentrifuged  and  non-ccntrifuged  cells,  also  bring  out  the  fact  that 
orientation  of  the  cells  during  centrifugation  affected  the  size  of  new 
shooN.  A  summation  of  the  data  of  several  experiments  indicates  that 
the  dirferenre  is  a  general  one.  One  hundred  and  four  apical  shoots 
(unaffected  in  origin)  upon  basally  centrifuged  material  averaged  2.9 
cells  and  0.9  mm.  in  length;  whereas  41  basal  shoots  consisted  of  2.54 
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cells  and  were  0.78  mm.  long.  Also  supporting  are  measurements  made 
in  one  experiment  upon  15  basally  centrifuged  cells  each  of  which 
formed  both  apical  and  basal  shoots,  as  in  sketches  5  and  10,  Fig.  1 . 
The  average  length  of  the  former  was  0.85  mm.  and  of  the  latter  0.76 
mm. 


,5 


11 


u  12 


PLATE  II 

7.  An  apical  cell  partially  dislodged  from  the  filament.     One  new  shoot  formed 
laterally,  one  almost  directly  basally. 

8.  An  isolated  apical  cell.     New  shoot  directly  basal. 

9.  An  apical  cell  held  to  the  filament  by  a  dead  adjoining  cell.     A  basolateral 
shoot  and  a  basal  shoot  were  formed. 

10.  A  basal  cell.     Basal  shoot  on  the  free  basal  end. 

11.  Basal  cells.     Induced  basal  shoot  and  normal  basal  rhizoids  are  both  pres- 
ent. 

12.  A  basal  shoot  from  an  apical  cell.     The  basal  cell  of  the  new  shoot  formed 
a  rhizoid  normal  to  the  polarity  of  the  induced  shoot. 


178  V.  SCHECHTER 

In  all  of  the  instances  cited  above  the  basal  (induced)  shoots  were 
smaller  than  the  apical.  If  we  may  assume  a  fairly  regular  rate  of 
growth,  then  the  size  of  shoots  is  an  indication  of  the  time  at  which 
they  began  to  form  and  the  difference  in  size  should  be  a  measure  of 
the  amount  of  centrifuging  required  to  induce  basal  shoot  formation. 

DISCUSSION 

In  view  of  numerous  unsuccessful  attempts  to  control  polarity  by 
centrifuging  and  the  absence  of  reports  in  this  direction  incidental  to  the 
large  amount  of  other  work  involving  the  same  technique,  the  results 
presented  in  this  paper  appear  to  comprise  the  only  case  in  which  a  nor- 
mal determinative  effect  upon  development  has  been  obtained.  It  is 
therefore  of  particular  importance  to  investigate  the  underlying  mecha- 
nism of  centrifuge  action  in  this  material.  To  be  sure,  the  syncytial 
nature  of  the  Griffiths-la  cell  (see  Lewis,  1909)  offers  a  different  type 
of  biological  system  than  do  animal  eggs  and  embryos,  upon  which  prac- 
tically all  other  work  involving  centrifugation  has  been  done.  It  may 
be  that  some  feature  of  organization  peculiar  to  a  syncytium  makes  the 
results  possible.  But  in  nature  Griffithsia  shoots  are  formed  on  the  cell 
apexes  regardless  of  orientation  with  respect  to  gravity.  We  would 
have  to  concede  to  the  centrifuge,  therefore,  a  greater  efficiency  and 
perhaps  a  higher  specificity  in  the  separation  of  cellular  elements  than 
can  be  attributed  to  gravity. 

The  effect  obtained  by  centrifuging  (,'riffitlisia  also  seems,  in  other 
respects,  somehow  unrelated  to  the  action  of  gravity.  Loeb  (1894) 
found  that  hydranths  of  Antennularia  were  regenerated  from  the  upper 
ends  of  overturned  stems.  With  plants,  where  it  has  been  possible  to 
obtain  responses  other  than  those  of  orientation,  results  have  been  simi- 
lar. In  all  of  these  cases  the  new  growths  formed  at  the  upper  ends 
were  those  normal! v  found  in  that  position  in  nature.  Quite  on  the  con- 

j  \  *-** 

trary  with  Griffithsia;  after  centrifuging  the  new  shoots  were  produced 
where  the  heavier  materials  had  been  thrown,  a  position  synonymous 
with  the  lower  end  of  the  organism  in  the  field  of  gravity;  one  normally 
associated  with  rhi/oid  formation. 

I  he  possibility  therefore  arises  that  the  effect  is  due,  not  to  the  move- 
ment of  shoot-forming  substances,  but  to  a  stimulation  set  up  by  an 
unu>nal  concentration  of  rather  non-specific  materials.  The  simul- 
taneous appearance  of  shoots  on  both  poles  of  some  ot  the  cells  also 
\vri-1i<  against  the  existence  of  a  definite  shoot-forming  substance,  nec- 
essarily limited  in  amount,  and  is  in  accord  with  the  above  hypothesis. 
An  analog  v  can  perhaps  be  drawn  with  activation  of  unfertilized  eggs 
by  various  chemical  and  physical  agencies. 
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May  I,  in  concluding,  take  this  opportunity  to  acknowledge  my  indebtedness 
for  help  and  stimulation  to  Dr.  Charles  F.  Hunt,  whose  understanding  interest 
extended  from  medicine  to  other  fields  of  science,  and  whose  recent  death  has 
removed  a  rare  and  valued  friend. 

Sr.M  MARY 

Normal  shouts  appear  upon  (inffitlisia  cells  at  the  point  where  heav- 
ier substances  are  concentrated  by  prolonged  low  speed  centrifuging. 
In  this  way  reversal  of  polarity  may  be  produced  anywhere  along  the 
plant  axis.  The  possibility  is  suggested  that  the  centrifuged  substances 
are  not  directly  determinative  but  act  by  stimulation. 
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(  I1AXGE  IX  SIZE  AND  SHAPE  OF  AGEING  EGGS 
(ARBACIA  PUXCTULATA) 
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\YITH   TECHNICAL  ASSISTANCE  OF  VICTOR  SCHECHTER  AND 
MILTON  LANDOWNE 

(From  the  College  of  the  City  of  Neiv  York) 

Using  the  method  of  Lucke  and  McCutcheon  (1926.  1927,  1931), 
\ve  found  that  the  permeability  of  unfertilized  eggs  (Arbacia  punctu- 
lata}  increased  progressively  with  age.1  The  factor  in  their  formula 
that  gave  us  considerable  trouble  was  size  of  eggs  prior  to  testing. 
Size  may  be  determined  by  measuring  each  egg  before  as  well  as  during 
the  test.  But  this  is  impracticable.  Size  is  usually  determined  by  ex- 
trapolation. But  several  extrapolated  values  may  frequently  be  ob- 
tained, and  the  resulting  permeability  rates  may  be  significantly  different. 
Size  may  be  determined  by  measuring  control  eggs  at  successive  ages 
under  the  same  conditions.  When  eggs  were  so  measured  we  found 
that  a  cyclical  change  in  si/.e  occurred  with  age. 

PROCEDURE 

Eggs  were  measured  during  the  summers  of  1930,  1931.  1932.  and 
1933.  The  Arbacia  were  received  directly  from  the  collecting  boat. 
Those  females  were  chosen  whose  eggs  were  in  good  physiological  con- 
dition, and  which  had  the  largest  number  of  spherical  eggs.  The  eggs 
of  each  female  were  strained  and  washed  in  200  cc.  sea  water,  divided 
into  two  or  more  portion-,,  kept  in  flat  linger  bowls,  at  16.5  to  22.0°  C. 
The  temperature  at  successive  ages  varied  by  1  to  3°  C.  The  super- 
natant sea  water  was  changed  twice  daily.  Sea  water  collected  at  or 
near  high  tide  was  filtered  and  stored  before  use.  The  pH  was  8.3. 

The  diameters  of  50  consecutive  spherical  eggs  were  measured 
with  an  ocular  micrometer  at  660  X.  or  with  a  filar  micrometer  at 
260  X-  Measurements  are  believed  accurate  within  ±  0.4 /A.  The 
probable  error  is  ±  0.11  /j.. 

VARIATION  ix  SIZE  OF  EGGS  FKOM   DIFFERENT  FEMALES 

Table  I  gives,  for  25  females,  the  number  of  eggs  measured,  their 
age  and  physiological  condition,  the  average  and  extreme  sizes.  One 
thousand  and  fifty  eggs,  in  good  physiological  condition.  '4  to  5  hours 
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old,  were  measured.     The  average  size  of  eggs  from  different  females 
varied  widely,  'viz.,  by  36.9  per  cent. 

In  previous  investigations,  age  and  physiological  condition  have 
usually  not  been  given,  or  diminutive  (erupted)  as  well  as  oversized 
(dead  or  fused)  eggs  have  undoubtedly  been  included  in  the  data 

TAKLK  I 
Variation  in  Size  of  Freshly-shed  Eggs  from  Different  Females 


No. 

Series 

Date 

of 

Age 

Range  in  Volume 

Av.  Volume 

Cleavage 

Eggs 

hours 

n*  X  100 

^  X  100 

per  cent 

I2 

7/  2/32 

40 

m 

2262-25  14  ' 

2431 

100 

E, 

6/28/32 

50 

1A 

2157-2544 

2344 

— 

G2 

7/  1/32 

14 

2 

2105-2372 

2228 

— 

B 

6/30/31 

28 

X 

1957-2276 

2128 

99 

I3 

7/12/33 

50 

1', 

2018-2211 

2125 

99 

F, 

7/18/32 

50 

5 

2029-2236 

2120 

— 

J3 

7/17/33 

55 

3K 

2039-2189 

2111 

100 

P3..3 

7/31/33 

50 

4>2 

1957-2167 

2056 

100 

V 

7/29/30 

22 

M 

1979-2156 

2050 

— 

N 

7/14/32 

49 

4 

1962-2103 

2049 

100 

P,.! 

7/31/33 

50 

5 

1957-2167 

2048 

100 

w 

8/  5/30 

40 

}'-2 

1936-2166 

2005 

— 

Gi 

7/21/31 

50 

IK 

1800-2146 

1999 

93 

E! 

6/28/32 

50 

1, 

1857-2145 

1999 

— 

PS.  2 

7/31/33 

50 

5M 

1937-2103 

1998 

100 

J: 

&/  3/31 

50 

3 

1938-2165 

1996 

99 

Po 

7/15/30 

9 

P, 

1858-2139 

1979 

—  • 

u 

7/25/30 

12 

3 

1798-2086 

1963 

— 

F, 

7/18/31 

50 

1 

1761-2082 

1959 

100 

I, 

7/27/31 

50 

4 

1781-1917 

1883 

100 

H 

7/11/33 

50 

3 

1762-2060 

1909 

100 

L 

//  6/33 

50 

1A 

1788-1954 

1873 

99 

G3 

11  7/33 

60 

4 

1669-1998 

1848 

100 

P-2 

7/26/32 

30 

5 

1698-1930 

1783 

100 

K 

8/  6/31 

50 

3 

1724-1897 

1776 

100 

Total 

Av. 

25 

1050 

202,640  M3 

Variation 

36.9% 

(Glaser,  1914(/j.  It  is  also  probable  that  the  average  size  was  based 
on  too  few  eggs  (Glaser,  1924;  Goldforb,  1917^).  Lillie  (1916) 
measured  58  eggs,  presumably  from  one  female,  whose  average  size 
was  213,000  //,".  Lucke,  McCutcheon,  and  Hartline  (1931)  measured 
450  eggs,  in  good  physiological  condition,  in  groups  of  50  or  100,  from 
6  females.  The  average  sizes  varied  from  182,300  to  224,500^::,  mean 
201, 183  /j.3.  E.  N.  Harvey  (1932)  quotes  another  series  of  measure- 
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ments  by  these  authors,  viz.,  550  eggs  from  4  females,  average  size 
212.2CKV3.  E.  B.  Harvey  (1932)  records  an  average  of  203^,690  ^ 
(number  of  eggs  and  females  not  given).  In  our  series,  Table  I,  the 
averages  ranged  from  177,600  to  243, 100 /x3,  mean  size  202.640/u.3. 

The  variation  in  size  of  eggs  from  any  female  is  small.  The  curve 
of  distribution  is  quite  narrow.  For  the  sake  of  brevity,  only  the 
extreme  sizes  are  given  in  Table  I.  These  extremes  varied  from  7.2 
to  19.7  per  cent,  average  12.6  per  cent.  It  should  be  noted  that  the 
curve  of  distribution  may  be  asymmetrical.  For  example,  in  Series  I 
only  6  per  cent,  while  in  Series  (/',.  62  per  cent  of  the  eggs  were  larger 
than  the  mode.  \Yhen  the  averages  were  similar,  the  range  may  be 
different.  For  example,  in  Series  (/',.  Elf  and  /,,  the  average  .-izes 
were  199,900,  199.900.  and  199 ,600  ^  respectively;  the  minimal  sizes 
were,  however,  180,000,  185,700,  and  193.800  /r5  respectively. 

Table  I  also  suggests  that  size  may  decrease  as  the  breeding  season 
advances. 

The  wide  variation  in  size  of  eggs  from  different  females  (Table 
I)  is  not  due  to  physiological  deterioration,  for  99  to  100  per  cent 
cleaved  normally,  or  95  or  more  per  cent  formed  parthenogenetic  mem- 
branes in  distilled  water;  nor  is  this  variation  due  to  age,  since  eggs  of 
the  same  age  show  similar  variation  in  si/.e. 

The  average  of  50  consecutive  spherical  eggs  is  not  as  accurate  an 
index  of  si/c  as  desired.  Nevertheless,  it  is  believed  that  Table  I 
alTords  a  more  adequate  picture  than  has  heretofore  been  offered  of 
the  large  variability  in  size  of  freshly-shed  eggs  of  known  age  and 
physiological  condition  from  different  females,  and  of  the  smaller 
variation  in  size  of  eggs  from  any  one  female. 

It  may  be  noted  that  eggs  from  different  females  differ  widely  not 
only  in  size  but  in  fertilization  membrane  formation  (Goldforb,  1917<?). 
cleavage  Kl.ildforh,  1917/M.aiid  agglutinin  (Goldforb.  l'L">,/). 

I.NVKKASINC    Sl/.K    1  )  I '  K  I  N  ( ',     K.ARLY    AGES 

\Yhen  samples  were  measured  at  successive  ages  there  was  a  pro- 
gressive increase  in  size  during  the  first  23  to  50  hours. 

Series  W,  Table  II,  illustrates  a  medium  increase.  The  smallest 
diameters,  between  '  L-  and  241  o  hours,  increased  from  71.67  to  72.53  /*. 
The  largest  diameters  increased  from  74.39  to  75.10/4..  The  number 
of  large  egg-  also  increased  significantly  with  age.  The  average  size 
increased  progressively  from  200,500  to  207,200  /r'!.  The  increase  dur- 
ing the  first  44  hours  was  3.07  per  cent. 

Series  J.  illustrates  a  small  increase.  The  smallest  diameters  were 
the  same  size  between  H  and  291/.  hours.  The  maximum  diameters 
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increased  slightly,  i.e.,  from  72.0  to  72.6  p..  The  number  of  large  eggs 
increased,  between  i/>  and  S1/^  hours.  The  average  size  increased  from 
187,300  to  190,80<V,  or  1.9  per  cent. 

Thirteen  series  are  summarized  in  Table  III.  The  increases  in  size 
for  the  given  ages  were  1.1,  1.9,  2.1,  2.2,  2.3,  3.0,  3.2,  3.3,  4.7,  5.6,  and 
5.8  per  cent  respectively.  Table  III  gives  the  minimum  and  maximum 

TABLE  II 

Variation  in  Size  of  Eggs  with  Age 


en 

9t 

V 

bfl 

tn 

M 
bo 

W 

"o 

6 

Percentage  of  Eggs 

Range 
in 
Diameter 

Av.  Size 

In- 
crease 
or 
De- 
crease 

Cleav- 
age 

_O  OC 

pa 

00     ' 

SG 

00 

cs 

**.  n 

2° 

P 

oj  u"; 

o  ^ 

Ocular  Units  Diameter 

hours 

M 

M3  X  100 

per  cent 

per  cent 

w 

1A 

40 

0 

10 

60 

17 

12 

0 

0 

71.67-74.39 

2,005 

3M 

40 

0 

10 

50 

27 

10 

3 

0 

71.67-74.65 

2,018 

6M 

40 

0 

4 

47 

35 

13 

1 

0 

71.92-74.65 

2,025 

18 

40 

0 

2 

45 

25 

28 

0 

0 

71.92-74.39 

2,043 

24H 

40 

0 

0 

55 

30 

14 

1 

0 

72.53-74.65 

2,035 

30>£ 

40 

0 

5 

57 

5 

18 

3 

7 

71.67-75.10 

2,060 

44  " 

20 

0 

0 

30 

55 

15 

0 

0 

71.92-74.91 

2,072 

+3.0 

48 

20 

20 

15 
46 

55 

10 

0 

0 

0 

69.43-73.17 

1,914 

-7.6 

L 

M 

50 

0 

52 

2 

69.90-72.00 

1,873 

99 

3>2 

50 

0 

32 

56 

12 

69.90-72.60 

1,897 

96 

%y2 

50 

0 

20 

68 

12 

69.90-72.60 

1,908 

+  1.9 

96 

15M 

50 

0 

52 

44 

4 

69.90-72.60 

1,890 

89 

29^ 

50 

0 

50 

44 

6 

69.90-72.60 

1,866 

37fcf 

50 

20 

64 

16 

0 

68.70-72.00 

1,800 

47M 

50 

6 

64 

30 

0 

69.20-71.91 

1,832 

-4.2 

73 

diameters  at  the  initial  age  and  at  the  age  when  eggs  were  largest.  It 
will  be  noted  that  the  minimum  diameters  increased  with  age  in  most 
series;  the  maximum  in  all  but  one  series.  The  abbreviated  table  does 
not,  ho\vever,  show  the  progressive  increase  in  numbers  of  large  eggs. 
Table  III  shows  an  increase  of  2,400  /r5  to  11,500/r5.  For  reasons  to 
be  given  later,  the  increase  with  age  is  believed  to  be  even  larger. 

It  is  therefore  concluded  that,  under  the  stated  conditions,  a  signifi- 
cant increase  in  size  of  control  eggs  occurred  as  the  eggs  aged ;  that  the 
increase  may  be  measurable  by  the  third  hour,  may  continue  for  22  to 
50  hours,  and  may  be  as  much  as  5.8  per  cent. 
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DECREASING  SIZE  DURING  LATE  AGES 

In  every  series  in  which  eggs  were  measured  at  late  and  frequent 
there  was  a  much  greater  change  in  size  hut  in  the  reverse  direc- 
tion.    In  Series  H'  (Table  II)  the  minimum  diameter  decreased  from 

TABLE  III 

Summary  of  Thirteen  Series  Showing  Cyclical  Change  in  Size  -with  Age 


Diameter 

Series 

Ages  Measured 

Increase 

1  ate 

IV 

Initial  Age 

Inii-niicdiate 
Age 

crease 

Mini- 

Maxi- 

Mini- 

Maxi- 

mum 

mum 

mum 

mum 

hours 

M3 

per  cent 

per  cent 

M 

M 

M 

v 

Po 

1,2,3,  20,  2  3*  2  7,  30,  43, 

11,500 

5.8 

4.6 

70.80 

74.21 

71.82 

75.22 

54 

U 

3,  5,  7,  9,  24*  27,  30 

9,200 

4.7 

t 

70.20 

73.58 

70.71 

75.10 

V 

Ho,  2,  5,  8,  21,  28,  J4* 

11,500 

5.6 

9.7 

72.21 

74.29 

72.21 

77.90 

YY 

H,  3,  6,  18,  24,30,44,*  48 

6,200 

3.0 

7.6 

71.67 

74.39 

71.92 

74.91 

B 

^,  2,5,  10,  2J,*  28,  32,  48, 

2,400 

1.1 

9.5 

72.04 

75.76 

73.28 

76.01 

52,  56,  72 

F, 

1,  8,  24,  31,  47*  55 

4,300 

2.2 

0.4 

69.43 

73.40 

69.92 

74.39 

G, 

1,  8,  24,  31,  50* 

6,300 

3.2 

—  • 

69.93 

73.90 

71.92 

74.39 

I, 

4,42 

0 

0 

1.8 

69.80 

71.53 

69.45 

72.15 

J. 

3,  31* 

4,500 

2.3 

t 

71.67 

74.39 

71.92 

74.63 

K 

3,  25* 

3,700 

2.1 

t 

68.94 

71.18 

69.43 

71.68 

I. 

2,6 

600 

0.2 

t 

75.60 

78.30 

76.50 

78.60 

L 

^,  3,  P,*  15,  29,  37,  47 

3,5(H) 

1.9 

4.2 

69.90 

72.00 

69.90 

72.60 

P2 

5,32* 

5,800 

3.3 

t 

68.70 

71.70 

69.00 

71.70 

*  Indicates  ages  when  maximal  size  was  observed. 
t  Eggs  not  measured  at  late  ages. 

71.92   to  69.43  p..     The  maximum   diameter   decreased    from   75.10  to 
73. 17 /LA.     The  curve  of   distribution   shifted   sharply   towards   the   left. 
The  average  size  decreased  7.6  per  can.     In  Series  L  there  \\a-  a  slower 
decrease  of  4.2  per  cent. 

Table  111  shows  a  decrease  during  late  ages  of  4.6  per  cent  (Series 
Po),  9.5  per  cent  (Series  />'),  and  9.7  per  cent  (Series  V). 

COMMENTS  ON  CYCLICAL  CHANGE  IN  SIZE 

With  age,  eggs  enlarged  and  the  curve  of  distribution  shifted  to 
ih<  li-lit.  At  intermediate  ages  some  eggs  continued  to  swell,  while 
other-,  having  reached  their  maximum  size,  progressively  diminished  in 
size.  Tin-  curve  became  bimodal.  The  condensed  tables  do  not  ade- 
quately slmw  this  phenomenon.  At  later  ages  all  the  eggs  have 
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shrunken  and  a  monomodal  curve  is  reestablished,  hut  is  now  shifted 
sharply  to  the  left. 

Eggs  swelled  more  than  indicated  in  the  tables.  Since  the  initial 
size  was  measured  %{}  to  5  hours  after  shedding,  the  later  the  initial 
age,  the  greater  had  been  the  swelling.  Hence  the  increase  based  upon 
this  late  initial  si/.e  is  correspondingly  too  small.  It  is  also  improbable 
that  the  eggs  were  measured  exactly  when  they  reached  their  maximum 
size.  If  measured  before  or  after  this  maximum,  the  increase  would 
be  correspondingly  too  small. 

At  late  ages,  eggs  tend  to  fuse  into  giant  eggs  (Goldforb,  1913). 
Upon  death,  intact  eggs  swell  considerably.  Many  eggs  cytolyze  with 
closely  adhering  fragments.  All  these  eggs  were  excluded.  The  in- 
creased size  discussed  above  refers  to  a  change  in  living  eggs,  which 
were  able  to  cleave  and  were  morphologically  indistinguishable,  except 
for  color  and  granulation,  from  freshly-shed  eggs. 

Increase  in  size  with  age  may  not  be  attributed  to  greater  flattening 
against  the  bottom  of  the  dish.  McCutcheon,  Lucke  and  Hartline 
(1931)  have  demonstrated  that  flattening  does  not  occur  in  freshly- 
shed  Arbacia  eggs.  We  believe  that  flattening  did  not  occur  during  the 
first  ca.  25  hours.  During  late  ages,  however,  flattening  probably  did 
take  place,  for  the  viscosity  of  the  egg  progressively  decreased  and  the 
egg  membrane  softened  considerably.  Yet  in  spite  of  this  probable 
flattening  and  pseudo-enlargement,  during  late  ages,  the  eggs  pro- 
gressively decreased  in  size. 

The  change  in  size  may  not  be  attributed  to  changes  in  H  ion  con- 
centration of  the  medium.  The  supernatant  sea  water  was  progressively 
more  acid.  The  pH  changed  from  8.3  to  7.9.  But  this  degree  of 
change  is  too  small  (Lucke,  McCutcheon,  1926),  and  does  not  account 
for  the  cyclical  change  in  size. 

As  shown  elsewhere,2  permeability  to  water  increased  progressively 
and  markedly  with  ageing  of  eggs.  It  is  this  increased  water  intake 
which  we  believe  to  be  one  of  the  major  factors  in  the  increasing  size  of 
ageing  eggs. 

The  decreasing  size  during  late  ages  may  be  accounted  for  on  the 
basis  of  the  following  observations.  Beginning  about  23  hours  after 
shedding,  the  plasma  membrane  ruptured  and  a  small  pellicle,  about 
ll/2  yu,  diameter,  was  ejected.  The  pellicle,  containing  minute  grey  gran- 
ules and  fluid,  rounded  out  quickly  and  immediately  formed  a  membrane. 
The  ruptured  membrane  closed  completely  in  1  to  I1/,  minutes.  Within 
2  minutes  the  egg,  except  for  adhering  pellicle,  appeared  normal  and 
when  fertilized  cleaved  normally. 

2  In  press. 
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At  later  ages  (about  30  to  40  hours)  a  larger  cone  formed.  The 
membrane  burst  at  or  near  the  apex  of  the-  cone.  The  pellicles  were 
larger  (i.e.  to  3.75  ^  diameter)  and  contained  small  and  large  granules. 
The  egg  membrane  reformed  more  slowly  (2  to  3  minutes).  The  egg 
near  the  erupted  area  remained  pale  for  several  minutes.  Later  (50 
or  more  hours)  more  eggs  ruptured,  the  pellicles  were  larger  and 
formed  in  succession.  At  this  time  pellicles  graded  into  the  larger 
globules  characteristic  of  cytolyzed  eggs. 

The  smallest  pellicles,  not  including  water  discharged  into  the  me- 
dium, were  estimated  as  ca.  1  /A3.  \Yith  age,  their  size  increased  to  and 
beyond  27.5  p.3.  If  the  discharged  water  be  included,  the  mass  of 
ejected  materials  is  correspondingly  greater.  It  is  this  repeated  ejec- 
tion of  substances  that  is  held  responsible  in  largest  part  for  the  de- 
creasing size  of  the  eggs  during  late  ages. 

TABLE  IV 

Showing  Variation  in  Percentage  of  Ellipsoid  Eggs,  Freshly-Shed,  16  Females 


Series    

Ri 

IT 

FI 

Fi 

F- 

Go 

<'.! 

R- 

I.- 

I 

j 

K 

X 

F 

p 

Ri 

Ellipsoid  eggs,  % 
No.  [of   eggs   ex- 
amined 

62 

74 

42 

SO 

26 

68 

32 
72 

45 

74 

10  + 

50 

50 
?8 

40 

20 
SO 

35 
6? 

37 
SO 

15 
SO 

18 
40 

29 

70 

35 
46 

36 
SO 

Age  in  hours  .... 
Cleavage  (per 
cent) 

'_• 
QQ 

M 

97 

M 

* 

K 

* 

Yz 

* 

2 
93 

2 
* 

2 
* 

2 
QQ 

2 
100 

3 
QQ 

3 
100 

4 

100 

5 
* 

5 
100 

5 
* 

*  In  distilled  water  formed  95  per  cent  or  more  parthenogenetic  membranes. 

Not  only  does  size  change  cyclically  but  the  rate  of  fertili/ati<>n.  of 
cleavage,  and  of  sperm  agglutination  (Goldforb.  1'MS.  l'L"></  and  />) 
also  show  a  similar  cyclical  phenomenon,  with  age. 

It  has  been  suggested  that  in  calculating  the  permeability  rate,  the 
size  of  egg>  at  all  ages  be  averaged;  but  from  the  above  discussion  it  is 
evident  that  any  constant  size  is  contrary  to  the  facts,  and  since  a  >mall 
error  in  size  may  considerably  alter  the  permeability  rate,  a  much  more 
accurate  rate  may  be  obtained  only  when  the  cyclical  trend  and  the  size 
of  eggs  at  each  ag<-  an-  known. 


CHANGE  IN  SHAVE  OF  AGEING  EGGS 
in  Percentage  of  Globular  Ef/c/s  from  Different  Females 

Tin-  i><-i  ventage  of  globular  eggs  in  different  females  varied  widely. 
Table  IV  summarizes  the  results  in  16  series.  Eggs  from  5  females 
examined  within  ]  .j  IK  air  after  shedding  contained  62,  45.  42,  32  and 
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26  per  cent  ellipsoid  eggs  respectively.  In  5  females,  whose  eggs  were 
examined  2  hours  after  shedding,  the  percentages  were  50,  40,  35,  20 
and  10  -(-  per  cent  respectively.  When  3  hours  old.  there  were  37  and 
15  per  cent  ellipsoid  eggs.  When  examined  5  hours  after  shedding, 
the  percentages  were  36,  35.  and  29  per  cent  respectively. 

These  percentages  are  not  strictly  comparable.  Age  is  one  variable 
factor.  In  Table  V.  for  example,  the  percentage  of  ellipsoid  eggs  de- 
creased between  ].'2  and  5  hours  from  62  to  26  per  cent.  A  second  vari- 
able factor  is  the  method  of  determining  ellipsoid  eggs.  In  Series  B 
the  two  extreme  diameters  were  measured  in  each  egg.  In  other  series 

TABLE  V 

This  table  illustrates  the  large  percentage  of  ellipsoid  eggs  at  the  initial  age,  the 
degree  of  ellipsoidality,  and  the  increased  percentage  of  globular  eggs  with  age. 
Eggs  from  1  female  aged  at  19  ±  0.3°  C.  Series  Bl. 


Difference  in  diameters  (/*) 

Age  (hours).  \ 

2^ 

5 

1(H 

23 

28 

32 

48 

52 

56 

72 

Globular  Eggs  (per  cent) 


0-  .3 

38 

60 

64 

90 

98 

100 

100 

100 

100 

96 

96 

Non-globular  Eggs  (per  cent) 


.4-  .6 

16 

8 

2 

4 

0 

0 

0 

0 

0 

0 

0 

.7-  1.3 

10 

14 

6 

2 

0 

0 

0 

0 

0 

0 

0 

1.4-  2.5 

14 

12 

6 

0 

0 

0 

0 

0 

0 

4 

2 

.  2.7-  3.7 

6 

4 

10 

2 

0 

0 

0 

0 

0 

0 

0 

3.8-  5.0 

8 

0 

6 

4 

0 

0 

0 

0 

0 

0 

0 

5.1-  7.5 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

7.6-10.0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

10.1-12.5 

4 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

12.6-15.0 

0 

2 

2 

0 

0 

0 

0 

0 

0 

0 

2 

No.  Eggs  Measured 

74 

50 

50 

51 

50 

50 

50 

50 

50 

40 

40 

Cleavage  (per  cent) 

99 

— 

— 

96 

91 

— 

90 

60 

— 

12 

6 

these  diameters  were  measured  in  eggs  which  could  not  definitely  be 
classified  by  inspection.  In  other  series,  classification  was  by  inspection 
only.  Ellipsoid  eggs  may  also  appear  circular  in  optical  plane.  Finally 
females  were  chosen  (except  Series  B)  with  the  least  number  of  ellip- 
soid eggs. 

Hence  it  may  be  concluded  that  ellipsoid  eggs  occurred  in  all  females 
studied ;  that  the  percentage  ranged  from  10  -f-  to  62 ;  that  the  actual 
percentages  are  probably  greater.  Since  cleavage  was  normal  and 
ranged  from  97  to  100  per  cent3  (except  Series  G^),  neither  ellipsoid 
shape  per  se  nor  the  increased  numbers  with  ellipsoid  shapes  are  criteria 
of  physiological  deterioration. 

3  The  eggs  of  the  other  females  were  also  in  good  physiological  condition,  for 
over  95  per  cent  formed  parthenogenic  membranes  in  distilled  water. 
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Increasing  Globular  Shape  with  Age 

Series  B  (Table  V)  illustrates  the  increasing  globular  shape  with 
age.  The  eggs  of  one  female  were  measured  at  different  ages  between 
y>  and  72  hours  after  shedding.  The  two  extreme  diameters  were 

/  — 

measured  in  consecutive  eggs,  40  to  74  at  each  age.  When  V2  hour  old, 
only  38  per  cent  were  globular,  i.e..  the  extreme  diameters  at  right  angles 
to  each  other  differed  by  0  to  0.35  //.  Of  the  62  per  cent  ellipsoid  eggs, 
16  per  cent  had  diameters  differing  by  0.4  to  0.6  p,  10  per  cent  differed 
by  0.7  to  1.3  n,  14  per  cent  by  1.4  to  2.5  //,  etc.  The  most  ellipsoid  eggs 
had  diameters  differing  by  15.0/t. 

At  successive  ages  between  2V.  and  28  hours,  the  percentage  of 
globular  eggs  increased  progressively,  vi/.,  from  38  to  60,  64.  90,  98, 
and  100  per  cent  respectively.  All  eggs  remained  spherical  between 
28  and  52  hours. 

Though  only  38  per  cent  of  the  freshly-shed  eggs  were  spherical,  yet 
they  were  in  good  physiological  condition;  99  per  cent  cleaved  normally. 
During  the  next  10  hours,  the  percentage  of  spherical  eggs  increased 
from  38  to  90  per  cent.  During  this  time  there  was  little  or  no  deteri- 
oration. Cleavage  was  normal  and  decreased  from  99  to  96  per  cent, 
probably  due  to  delayed  rather  than  reduced  cleavage. 

Between  28  and  52  hours,  there  was  no  change  in  shape,  yet  deteri- 
oration was  very  rapid.  Cleavage  was  increasingly  irregular  and  fell 
from  91  to  34  per  cent.  Between  56  and  72  hours,  with  extreme  deteri- 
oration 4  per  cent  ellipsoid  eggs  reappeared. 

Seven  other  serie-  gave  essentially  similar  results. 

l:(U't</rs  Inroh'cd  in  Chanijc  of  Shape 

Unripe  eggs  increase  in  size  and  are  spherical  before  maturation.  It 
is  generally  assumed  that  egg-  are  normally  shed  soon  after  maturation, 
but  eggs  may  be  retained  within  the  body  for  long  periods  and  be  de- 
teriorated when  shed.  This  is  indicated  by  the  following:  Arbacia  were 
kept  in  separate  large  aquaria,  the  water  changed  twice  daily.  When 
shed  the  eggs  were  immediately  inseminated.  Such  eggs  frequently 
gave  low  percentage  cleavage.  Kxtreme  deterioration  was  also  observed 
in  eggs  from  freshly-opened  females,  collected  after  severe  storms  or 
extreme  heat,  also  towards  the  close  of  the  breeding  season. 

It  is  believed  that  any  condition  that  delays  shedding  of  eggs  results 
in  incrra-ing  the  number  and  size  of  ripe  ova.  As  a  consequence  there 
is  an  increa-ing  mechanical  pressure  of  eggs  against  one  another;  and  it 
is  this  pressure  that  gives  rise  to  increasing  ellipsoid  shape.  The  greater 
the  duration  and  degree  of  pressure,  the  greater  the  number  of  ellipsoid 
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eggs  and  the  greater  the  degree  of  ellipsoidality.  This  mechanical  pres- 
sure exerts  little  or  no  injurious  effect.  Injury  appears  to  be  due  to 
ageing  processes  within  the  body  of  the  female.  Upon  shedding,  the 
mechanical  pressure  is  released,  and  increasing  permeability  to  water 
further  aids  in  the  return  to  globular  shape. 

CONCLUSIONS 

Cyclical  CJiaixjc  in  Size 

The  average  size  ot  freshly-shed  eggs,  in  good  physiological  condi- 
tion, varied  widely  in  the  25  females  studied,  viz.,  177,600  to  243,100  /r, 
or  36.9  per  cent. 

The  eggs  from  any  one  female  varied  within  much  narrower  limits, 
viz.,  13,600  to  38.700  fi3,  or  12.6  per  cent. 

Size  of  eggs  increased  with  age  in  all  13  series. 

The  increase  may  be  evident  by  the  third  hour  and  end  between  23 
and  50  hours. 

The  increase  ranged  from  1.1  to  5.8  per  cent.  These  percentages 
exclude  fused  and  dead  eggs. 

The  minimum  and  maximum,  the  mode  and  average,  as  well  as  the 
number  of  large  eggs,  all  increased  progressively  with  age. 

During  late  ages,  size  decreased  progressively  by  4.2  to  9.7  per  cent. 
This  excluded  fragmented  eggs. 

Size  increase  was  accompanied  by  little  deterioration ;  size  decrease 
by  considerable  deterioration. 

Increasing  size  is  attributed  to  increased  water  intake;  decreasing 
size  to  ejection  of  pellicles  and  water. 

The  cyclical  change  in  size  of  control  eggs  must  be  known  in  the 
determination  of  the  permeability  rate. 

Change  in  SJmpe 

Ellipsoid  eggs  occurred  in  all  16  females.  They  ranged  from  10  -(- 
to  62  per  cent.  The  degree  of  ellipsoidality  is  given  in  text. 

These  females  were  selected  for  least  ellipsoid  eggs. 

Ellipsoid  eggs  were  in  excellent  physiological  condition. 

With  age,  eggs  became  spherical.  All  eggs  were  spherical  in  8  to 
37  hours,  and  remained  spherical  thereafter. 

Shape  is  not  correlated  with  physiological  condition. 

Ellipsoid  shape  is  attributed  to  retention  of  mature  eggs  within  the 
body,  and  therefore  to  increased  numbers  and  size.  The  result  is  me- 
chanical pressure  and  ellipsoidality.  Shedding  releases  this  pressure. 
Increased  water  intake  aids  in  rounding  out  and  enlargement  of  eggs. 
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VISCOSITY  CHANGES   IN  AGEING  UNFERTILIZED  EGGS 
OF  ARBACIA  PUNCTULATA 

A.  J.  GOLDFORB 

WITH    TECHNICAL   ASSISTANCE   OF   MILTON   LANDOWNE 
(From  the  College  of  the  City  of  New  York) 

In  previous  studies  it  was  demonstrated  that  ageing  unfertilized  eggs 
of  Arbacia  punctulata  undergo  a  series  of  changes  including  rate  of  fer- 
tilization, membrane  formation,  and  cleavage  (Goldforb,  1918a  and  b), 
agglutinin  concentration  (Goldforb,  1929a  and  b),  and  size  (Goldforb, 
in  press).  Permeability  to  water  and  stretching  and  bursting  of  the 
plasma  membrane  in  hypotonic  sea  water  changed  markedly  with  age. 
These  studies  will  be  reported  later.  The  present  study  is  devoted  to  a 
consideration  of  the  viscosity  changes. 

PROCEDURE 

Eggs  from  each  female,  if  in  good  physiological  condition,  were 
washed  in  200  cc.  sea  water.  Aliquot  portions  were  transferred  to  flat 
finger  bowls  with  150  cc.  sea  water.  Morning  and  evening  the  super- 
natant water  was  removed,  the  eggs  transferred  to  clean  bowls,  and  sea 
water  added.  Sea  water  was  collected  in  quantity  at  high  tide,  filtered 
and  stored.  The  pH  was  8.3.  The  temperature  in  the  bowls  varied 
from  18  to  22°  C.,  but  during  an  experiment  within  2.5°,  usually  within 
1.5°  C.  At  successive  ages  eggs  from  the  same  bowl  were  centrifuged 
by  a  slight  modification  of  the  method  developed  by  Heilbrunn  (1928). 

CONSTANT  CENTRIFUGAL  FORCE,  VARYING  TIME,  EARLY  EXPERIMENTS 

In  1930,1  eggs  were  centrifuged  in  2  mm. -bore  tubes  in  a  small  elec- 
tric centrifuge.  Immediately  after  centrifuging,  the  eggs  were  exam- 
ined in  sea  water.  After  preliminary  trials  a  period  of  centrifugation 
was  chosen  that  gave  the  following  zonation : 

(1)  Oil  cap  sharply  defined. 

(2)  Hyaline  zone  in  most  eggs  extended  45  to  55°  '  from  center  of 
oil  cap. 

(3)  Twenty  consecutive  eggs,  with  planes  of  zoning  at  right  angles 
to  the  horizontal,  were  measured. 

1  Dr.  V.  Schechter  assisted  in  these  experiments. 

2  I.e.,  degrees  on  circumference  from  center  of  oil  cap. 
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(4)  Hyaline  zone  near  oil  cap  free  of  granules,  near  grey  zone  con- 
taining numerous  scattered  granules. 

(5)  Grey  and  red  zones  sharply  differentiated. 

At  successive  ages,  eggs  were  centrifuged  at  the  same  speed,  hut  the 
time  was  varied  to  approximate  the  same  degree  of  Donation.  Increase 
in  time  denoted  relative  increase  in  viscosity,  and  vice  versa.  The  re- 
sults may  be  summarized  as  follows  : 

Between  10  minutes  and  3  hours  after  shedding,  viscosity  increased 
in  most  experiments.  The  exceptions  will  be  discussed  later. 

Between  ca.  3  and  30  hours,  viscosity  progressively  increased  until 
age  in  every  experiment.  For  example,  in  one  experiment  the  time  of 
centrifuging  required  to  approximate  the-  same  degree  of  zonation  in- 
creased progressively  from  %  to  2l/2  minutes. 

Beginning  about  40  hours  after  shedding,  viscosity  progressively  de- 
creased. 

This  cyclical  change  in  viscosity  occurred  in  all  experiments.  That 
the  changes  were  significant  was  shown  by  the  following:  Repetitive 
tests  agreed  within  15  seconds;  centrifuging  time  increased  with  age 
by  105  or  more  seconds.  Though  the  temperature  during  some  tests 
rose  to  3%°  C.,  yet  when  those  tests  were  chosen  in  which  the  tempera- 
ture did  not  vary  beyond  0.5°,  the  same  changes  occurred.  Though  the 
number  of  eggs  examined  at  each  age  was  small,  yet  all  experiments 
gave  similar  results. 

Constant  Force  mid  Time,  Change  in  Percentage  of  Zoned  Eggs 

In  1931,  with  the  same  centrifuge  and  tubes,  the  centrifugal  force 
and  time  were  constant  at  successive  ages.  The  centrifuge  registered 
4,444  r.p.m.  f without  load).  As  the  result  of  preliminary  trials  a  pe- 
riod of  centrifugation  of  2  minutes  duration  was  usually  chosen.  This 
time  included  7%  ±  %  seconds  to  attain  maximal  speed,  but  did  not 
include  26  ±  2  seconds  for  the  centrifuge  to  stop.  The  voltage  was 
constant  during  the  day.  Tests  were  made  when  no  other  large  elec- 
trical apparatus  was  used  on  the  same  line.  During  a  test  the  tempera- 
ture in  the  centrifuge  head  varied  between  21.4°  and  22.4°  C.,  usually 
within  0.6°.  Immediately  after  centrifuging,  the  eggs  were  transferred 
to  0.4  per  cent  formalin  (Howard,  1931)  and  examined  within  2  hours. 
About  100  consecutive  eggs,  lying  at  a  proper  angle,  were  examined  at 
each  age  and  classified  as  follows: 
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Group  1  Group  2 

Oil  cap  very  distinct  Same 

Hyaline  zone,  granules  few  Many 

Hyaline  zone,  60-70°  45-60° 

Hyaline  grey  border,  thin  straight  line  Very  ragged 

Hyaline  and  grey  zones  sharply  different            Less  sharp 

in  color 

Oil  to  grey  zone,  ca.  IS  units  Ca.  12 


Group  3 

Less  distinct 
Very  numerous 
Less  than  40° 
Loose  band 
Intergrades 

Less  than  10 


A  typical  experiment  is  summarized  in  Fig.  1.  The  eggs  of  one 
female  were  centrifuged  for  one  minute.  The  number  of  eggs  recorded 
at  each  age  varied  from  84  to  247  (average  194).  Between  2%  and 
22  hours  after  shedding,  the  adequately  zoned  (Group  1)  eggs  de- 
creased progressively  from  51  to  14  per  cent.  This  decrease  denoted 
correspondingly  greater  viscosity.  After  22  hours,  however,  there  was 
a  reversal.  The  percentage  of  Group  1  eggs  increased  from  14  to  51 
and  then  to  84  per  cent.  This  reversal  or  liquefaction  occurred  during 
rapid  deterioration. 
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FIG.  1.  Centrifuged  at  4,444  r.p.m.  for  1  minute  at  21.5°  C.  The  percentage 
of  eggs  zoned  to  a  fixed  standard  decreased  progressively  during  the  first  ca.  20 
hours  and  increased  thereafter.  A  decrease  in  percentage  indicates  corresponding 
increase  in  viscosity  and  vice  versa.  Q  =  Per  cent  zoned  ;  A  =  per  cent  cleavage 
of  control  eggs. 


Similar  results  were  obtained  in  a  second  experiment.     Eggs 
hours  old,  centrifuged   for  2  minutes,  gave  85  per  cent  which  were 
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sharply  zoned.  Between  ll/2  and  29  hours  the  percentage  of  eggs  of 
Group  1  decreased  progressively  from  85  to  0  per  cent,  while  the  per- 
centage of  eggs  of  Group  2  increased  from  5  to  94  per  cent.  When  48 
h<>urs  old,  Group  2  eggs  had  decreased  from  98  to  38  per  cent,  while 
Group  3  (the  least  zoned)  eggs  had  increased  from  6  to  62  per  cent. 
In  the  case  of  the  older  eggs,  in  order  to  avoid  crushing  them  at  the 
bottom  of  the  tubes,  second  samples  were  centrifuged  for  one  minute 
only.  Between  24  and  48  hours  the  eggs  of  Group  2  decreased  pro- 
gressively from  91  to  24  per  cent,  while  Group  3  eggs  increased  from 
9  to  76  per  cent. 

In  a  third  experiment,  the  percentage  of  adequately  zoned  (Group  1) 
eggs  decreased,  between  5  and  48  hours,  from  100  to  71  per  cent.  When 
centrifuged  during  late  ages,  for  1  minute  only,  the  percentage  of  Group 
2  eggs  decreased  from  85  to  17  per  cent. 

In  the  last  t\v<i  experiments  liquefaction  appears  to  have  begun  about 
the  forty-eighth  hour.  At  this  age  the  /dilation  of  many  eggs  was 
greater  and  the  hyaline  zone  contained  fewer  granules  and  was  much 
deeper  than  at  any  previous  age. 

It  was  therefore  concluded  that  viscosity  was  progressively  increased 
during  early  and  intermediate  ages:  that  there  were  indications  of  a 
progressive  liquefaction  during  late  ages  ;  that  the  degree  of  change  is 
indicated  by  the  change  in  percentage  of  eggs  zoned  to  a  fixed  standard. 


SAME  FORCE.,  VARVIM;  TIMK.  IMPROVED  TF.CH  XKj 

In  1932,  viscosity  was  determined  by  the  following  improved  tech- 
nique : 

1.  Temperature.  —  The  centrifuge   head   was  cooled  by  a   regulated 
flow  of  ice  water.     The  temperature  wa^  recorded  at  the  beginning  and 
end  of  each  test.      It  varied  within  1°,  usually  within  0.5°  C. 

2.  Ccntri  fiii/iil  Force.     A   powerful   Kmerson   hand  centrifuge  was 
u-ed.     The  time  necessary  to  attain  maximum  speed  was  reduced  from 
7%,   in  preceding  experiments,   to   1   second.     The  time   necessary   for 
Bopping  was  reduced   from  _'(/  to    1    M-ouid. 

3.  Lnu>  Ccntrifuf/al  Force.  —  After  repeated  trials  a   relatively   low 
centrifugal  force  wa-  selected,  vi/.,  1.750  gravities. 

4.  The  stain  Ian  1  of  x.onation  approximated  that  of  Group  2  in  pre- 
vious experiments.     At  this   low  centrifugal   force-  and   short  duration. 
a   small    change    in    centrifuging   time   gave    rise    to    readily   detectable 
changes  in  /onation.     Hence  accuracy  of  tests  was  increased. 

5.  Two  or  more  determinations  were  made  at  each  age,  one  usually 
for  the  same  time  a-  in  the  accepted  previous  test,  the  other  for  longer 
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or  shorter  time.     TJic  objective  was  to  produce  not  only  the  same  zoua- 
tion,  but  the  same  percentage  of  similarly  zoned  eggs. 

6.  The  Avoidance  of  Injury  at  Bottom  of  Tube. — To  prevent  smash- 
ing of  eggs  at  the  bottom  of  the  tube,  at  late  ages,  a  capillary  drop  of 
eggs  was  added  to  a  fixed  level  of  isosmotic  solution  of  C.P.  cane  sugar 
solution.  The  eggs  were  not  injured  by  the  sugar  solution,  for  they 
cleaved  like  the  control  eggs.  Nor  was  their  viscosity  altered  by  the 
solution. 
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FIG.  2.  Centrifuged  at  1,750  gravities  at  21.5°  C.  for  indicated  minutes  to  ap- 
proximate same  percentage  of  similarly  zoned  eggs.  Centrifuge  time  increased 
during  the  first  33  hours. 

-  observed  time  in  minutes. 
O  =  calculated  time. 

-  insufficiently  zoned. 
XX  —  overzoned. 

A  —  percentage  cleavage. 
Numbers  =  percentage  of  eggs  zoned  to  standard. 


7.  Sensitivity  of  Test.  An  increase  of  10  to  15  seconds  longer 
centrifuging  definitely  increased  the  percentage  of  zoned  eggs.  For 
example,  in  one  experiment,  eggs  centrifuged  for  2  minutes  resulted  in 
no  eggs  zoned  to  standard.  With  each  increase  of  10  seconds  centrifu- 
gation,  the  percentage  of  zoned  eggs  increased  to  18,  53,  and  86  per 
cent  respectively.  In  another  experiment  centrifugation  for  1%  min- 
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utes  produced  34  per  cent  zoned  eggs.     Fifteen  seconds  more  centrifti- 
gation  gave  52  per  cent.     Repetitive  tests  varied  0  to  8  per  cent. 

CYCLICAL  VISCOSITY,  EGGS  CENTRIFUGED  IN  SEA  WATER 

In  Experiment  7\  (Fig.  2),  the  first  test  was  made  17  minutes  after 
shedding.  When  centrifuged  for  2  and  21/4  minutes,  the  eggs  were 
insufficiently  zoned.  When  centrifuged  for  2]/>  minutes,  42  per  cent 
(of  165  eggs)  were  zoned  to  a  carefully  noted  standard. 

When  2^0  hours  old,  one  sample  was  tested  for  2%  minutes  as  be- 
fore. The  eggs  were  not  sufficiently  zoned.  The  second  sample,  centri- 
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FIG.  3.     Same  conditions  and  symbols  as  in  Fig.  2. 
during  first  33  hours  and  decreased  viscosity  thereafter. 


Shows  increased  viscosity 


fuged  30  seconds  longer,  contained  only  33  per  cent  zoned  to  standard. 
The  estimated  time  necessary  to  produce  the  same  percentage  of  eggs 
zoned  to  the  same  standard  as  in  the  initial  test  was  2'  55". 

When  5  hours  old,  2  samples  were  again  centrifuged,  one  for  3 
minutes  (to  approximate  the  previous  estimated  2'  55")  and  another 

3'  25".  The  first  contained  only  27  per  cent,  the  second  39  per 
rent  /oiicd  eggs.  The  latter  approximates  the  initial  42  per  cent. 
Hem  c  55  seconds  longer  centrifuging  was  required  at  this  age  to  pro- 
duce the  same  /conation  as  in  the  14 -hour  old  eggs. 

Similar  double  tests  were  made  at  successive  ages  to  33  hours.     The 
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time  required  to  approximate  the  same  percentage  of  equally  zoned  eggs 
increased  with  age  as  follows:  2.5,  2.7,  3.4,  3.7,  4.0,  4.5,  5.3,  and  5.5 
minutes  respectively.  The  estimated  time  increased  progressively  from 
21//>  to  5%o  minutes  (Fig.  2).  Viscosity  increased  116  per  cent. 

The  experiment  was  repeated  with  similar  results   (Fig.  3).     Sev- 
eral facts  deserve  hrief  mention. 

(1)  For  similar  ages  the  increase1  in  centrifugal  time  was  greater, 
i.e.,  from  2  to  6%o  minutes,  an  increase  of  202  per  cent. 

(2)  Liquefaction   occurred   after   33   hours.     Between    33    and   38 
hours  the  centrifugal  time  decreased  from  6l/2  to  5  minutes.     Though 
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FIG.  4.  Centrifuged  in  isosmotic  sugar  solution  1,460  gravities.  Same  sym- 
bols as  in  Figs.  2  and  3.  Shows  increased  viscosity  to  thirty-fifth  hour  and 
progressive  decrease  to  forty-fourth  hour. 

the  eggs  were  less  viscous  than  at  the  thirty-third  hour,  they  were  much 
more  viscous  than  at  the  initial  age,  for  when  centrifuged  for  2  minutes 
(the  initial  time)  only  5  instead  of  58  per  cent  of  the  eggs  zoned  to 
standard. 

(3)  Liquefaction  occurred  when  the  eggs  were  markedly  deteri- 
orated. 

CYCLICAL  VISCOSITY,  EGGS  CENTRIFUGED  IN  ISOSMOTIC  SOLUTION 

When  centrifuged  in  an  isosmotic  C.P.  cane  sugar  solution  (density 
1.085),  the  eggs  were  scattered  below  the  sugar  level,  where  the  force 
was  1,460  ±  100  gravities. 
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Jn  Experiment  7\,  for  example,  2  to  6  tests  were  made  at  each  age. 
An  average  of  173  eggs  were  examined  after  each  test.  Between  ll/2 
and  35  hours  the  time  of  centrifuging,  required  to  produce  the  same 
percentage  of  equally  zoned  eggs,  increased  progressively  from  2%  to 
51  o  minutes  (Fig.  4). 

When  eggs  were  27  hours  old,  it  was  necessary  to  centrifuge  for 
5'/L'  minutes  to  zone  79  per  cent  (the  initial  per  cent)  to  standard. 
When  centrifuged  for  3  minutes  (the  initial  duration),  only  1  per  cent 
were  zoned  to  standard.  This  affords  another  measure  of  the  increased 
viscosity  at  this  age. 

After  35  hours  there  was  rapid  liquefaction.  When  401/i>  hours 
old,  a  sample  centrifuged  for  5'/L.  minutes  gave  100  per  cent  either 
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FIG.  5.  Another  cx]HTimrnt  as  in  Fig.  4,  but  for  more  ages.  Same  cyclical 
viscosity  with  a,m\ 

zoned  to  standard  or  over/.oned.  Less  centrifugation,  i.e.,  4I-{  minutes, 
sufficed.  When  43 '^  hours  old,  eggs  were  centrifuged  for  4\<>,  4, 
3'L..  3,  and  2  minutes  respectively.  All  these  gave  100  per  cent  zoned 
or  overxoned  egi;-.  The  lime  required  to  zone  to  standard  had  de- 
creased from  5y2  to  1%  minutes. 

In  Experiment  7".,,  Fig.  5,  tests  were  made  as  in  the  previous  ex- 
periment but  over  a  longer  series  of  ages.  Viscosity  increased  pro- 
gre»ively  during  the  first  40  hours.  The  increase  was  from  3  to  6^2 
minute^  or  100  per  cent,  lietween  44  and  68  hours  viscosity  decreased 
rapidly.  At  late  ages,  even  at  the  reduced  time  of  centrifugation, 
nearly  all  the  eggs  were  over/oned,  so  that  liquefaction  was  greater  than 
indicated  by  the  figures. 
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It  is  therefore  concluded  that  ageing  eggs  undergo  a  cyclical  change 
in  viscosity,  increasing  during  the  first  ca.  35  Iwurs  and  decreasing 
thereafter,  and  that  the  increase  is  of  the  order  of  2  to  3  times  the 
initial  viscosity.  The  subsequent  decrease  is  even  greater. 

VISCOSITY  OF  RIPE  vs.  UNRIPE  EGGS 

In  the  preceding  experiments  there  were  a  few  unripe  eggs  in 
nearly  every  test.  None  of  these,  however,  showed  any  trace  of  zona- 
tion.  To  determine  the  relative  viscosity  of  ripe  and  of  unripe  eggs, 
females  were  chosen  that  contained  the  largest  number  of  unripe  eggs, 

TABLE  I 
Viscosity  of  Unripe  Eggs 


Exp. 
No. 

9 
No. 

Age 

Centrifugation 

Medium 

Zoning 
Unripe 
Eggs 

Zoning 
Ripe  Eggs 

Force 

Time 

hours 

gravities 

minutes 

1 

1 

2 

1750 

1% 

Sea  Water 

0 

68%  zoned  to  standard 

2 

4 

1750 

2 

it         <  i 

0 

67 

2 

1 
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710 

7K 

Isosmotic  Sugar  Sol. 

0 
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and  were  subjected  to  longer  durations  and  greater  centrifugal  forces. 
Table  I  summarizes  3  experiments. 

Experiment  I 

Eggs  were  centrifuged  in  sea  water  at  1,750  gravities  for  2  minutes. 
Sixty-eight  and  67  per  cent  of  400  ripe  eggs  were  zoned  to  standard. 
None  of  the  unripe  eggs  in  a  sample  of  1,600  eggs  showed  any  evidence 
of  zonation. 

Experiment  II 

Eggs  were  centrifuged  at  710  gravities  for  7J/^  to  25  minutes. 
When  centrifuged  for  25  minutes,  all  ripe  eggs  were  much  overzoned; 
the  hyaline  grey  border  extended  from  90  to  120°  ;  yet  none  of  the 
unripe  eggs  showed  any  trace  of  zonation.  A  few  small  unripe  eggs 
formed  pseudopodial  processes. 
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Experiment  III 

Eggs  were  centrifuged  at  increasing  forces,  viz.,  1,750,  4,000  and 
7,000  gravities  for  1%  to  5  minutes.  With  each  increase  in  time  or 
force  the  hyaline  zone  deepened  and  the  number  of  scattered  granules 
therein  decreased.  At  the  greatest  centrifugal  force  all  ripe  eggs  were 
n«  it  only  overzoned  but  elongated  considerably,  as  described  in  detail 
by  E.  B.  Harvey  (1932).  Not  a  single  unripe  egg  zvas  elongated,  and 
none  shoived  any  sign  of  Donation. 

It  is  therefore  concluded  that  cither  the  gravimctrically  separable 
substances  are  not  organized  in  the  unripe  egg  or  being  present  the 
viscosity  is  more  than  eleven  times  greater  tlian  in  ripe  eggs. 

Unripe  eggs  vary  in  size  to  a  very  much  greater  degree  than  ripe 
eggs,  yet  no  difference  in  viscosity  was  detectable  between  the  very 
small  (young),  and  the  large  (older)  unripe  eggs.  These  observations 
suggest  that,  with  maturation,  there  is  not  only  a  very  profound  but 
possibly  a  very  rapid  liquefaction.  Liquefaction  appears  to  be  far 
greater  than  during  polar  body  formation  or  cleavage,  or  following 
changes  of  temperature,  salts,  etc.  (Heilbrunn,  1921,  1924,  1928). 

DISCUSSION 

It  was  shown  above  that  in  the  life  history  of  the  Arbacia  egg  there 
were  five  viscosity  phases,  viz. : 

1.  Extreme  Viscosity,  Unripe  Eggs. — Whatever  their  age  (or  size) 
all  unripe  eggs  were  extremely  viscous.     None  could  be  zoned  by  the 
considerable  forces  and  durations  used.     That  unripe  eggs  were  more 
viscous  than  ripe  ones  \vas  noted  by  Paspaleff  (1927)  and  by  Heilbrunn 
(1928).     Our  study  corroborates  these  findings  and  supplies  a  quan- 
titative measure  of  the  difference,  namely  that  unripe  eggs  are  at  least 
1 1  times  more  viscous  than  freshly-shed  ripe  eggs. 

2.  Liquefaction. — Upon  maturation  there  was  a  very  marked  and 
probably  very  rapid  liquefaction  in  all  eggs. 

3.  Increasing  Viscosity,  I\'ipc  eggs,  l:.arl\  .  Igcs. — All  ripe  eggs  pro- 
-Mvely  increased   in   viscosity  with   a-e.     The  rate  of   increase  was 

slower  when  the  eggs  were  aged  within  the  body,  faster  when  they  were 
'1  in  M-n  water.     Viscosity  increased  during  the  first  ca.  35   (22  to 
41)  hours  after  shedding.     The  increase  was  2  to  3-fold. 

4.  I>,'crc<isiiig  I'iscosity,  Ripe  Eggs,  Late  Ages. — After  ca.  35  hours 
then-  was  a  reversal,  namely,  a  progressive  liquefaction.     The  rate  was 
faster  ,-ind  the  total  change  was  greater  than  during  earlier  ages. 

5.  r..\-trcmc    I  "iscosily,    Dcutli.     (  )ur    evidence    is    not    conclusive 
whether  at  the  greatest  ages  death  was  directly  accompanied  by  coagula- 
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tion  or  whether  extreme  liquefaction  occurred  first,  followed  quickly  by 
coagulation. 

These  five  phases  are  diagrammatically  represented  in  Fig.  6. 

Extent  of  Change. — These  viscosity  changes  are  greater  than  those 
which  occur  under  a  variety  of  other  conditions,  hut  comparisons  are 
not  readily  made,  either  hecause  the  changes  have  not  been  given 
quantitatively  or  because  different  units  have  been  used.  In  Table  II 
such  a  comparison  is  attempted.  This  table  shows  that  viscosity  in- 
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FIG.  6.     Diagrammatic  representation  of   the  five  phases   in  viscosity  of  the 
egg,  viz. 

I.  All  unripe  eggs  at  any  age,  extremely  viscous. 
II.  Maturation,  extreme  and  rapid  liquefaction. 

III.  Ripe  eggs,  early  and  intermediate  ages,  progressively  increased  viscosity. 

IV.  Ripe  eggs,  late  ages,  much  deterioration,  progressive  liquefaction. 
V.  Dead  eggs,  coagulation. 

creased  during  mitosis  of  Arbacia  eggs  by  two-thirds.  Larger  changes 
occurred  with  temperature,  HC1,  NH4OH,  ultraviolet  light,  etc.,  viz., 
21/4  to  4  x.  The  largest  change  heretofore  described  occurred  during 
mitosis  of  Cuinnujia  eggs,  viz.,  5  to  8x.  During  ageing  of  Arbacia 
eggs,  there  were  both  positive  and  negative  changes  of  2  to  llx. 
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The  factors  which  play  a  minimal  or  no  role  in  these  changes  in- 
clude body  fluid,  temperature,  and  pi  I. 

Modification  of  Egg  by  Body  Fluid. — Body  fluid  decreases  cleavage 
(Lillie,  F.  R.,  1923;  Ephrussi,  1925).  Boguchi  (1930)  believed  that 
this  \vas  due  to  intestinal,  not  to  body  fluid.  Body  fluid  alters  the  re- 
action of  eggs  to  calcium  (Heilbrunn,  1925,  1928).  In  a  later  study 
it  will  be  shown  that  body  fluid  does  decrease  cleavage,  gives  rise  to 
irregular  cleavage,  accelerates  swelling  in  hypotonic  solutions,  and  in- 

ases  viscosity.  In  these  experiments  body  (perivisceral)  fluid  was 
withdrawn  by  pipette  through  the  oral  disc,  centrifuged,  and  the  super- 
natant fluid  used.  The  freshly-shed  "  dry  "  eggs  or  eggs  from  removed 

TABLE  II 

Comparison  of  Viscosity  Changes  under  Various  Conditions 


Author 

Inducing  Conditions 

Cell 

Viscosity 
Change 

Heilbrunn,  1920 

.Mil  osis 

Arbacia     Eggs 

+    H 

Pantin,  1924 

Temperature  —0.7  to  30°  C. 

Nereis 

-  Wi 

Heilbrunn,  1921 

2      to  15°  C. 

Cumingia 

+  2K 

11                                H 

15     to  30°  C. 

ii              ii 

Earth,  1929 

CO.,  pH  8.3  to    5.0 

Arbacia 

+   2', 

HC1     "    8.3  to    3.0 

ii              ii 

+  2H 

NIUOH     "    8.1  to  11.0 

ii              ii 

+  4 

Heilbrunn  and  Young, 

I  lira  -violet  ray 

11              ii 

+  3  to  4 

1930 

Heilbrunn,  1921 

Mitosis 

Cumingia 

+  5  to  8 

(roldforb 

Unripe  eggs 

\i  bacia 

+  11 

Ripe  eggs,  early  ages 

ii             ii 

+  2  to  3 

"    ,  late       " 

ii             ii 

-  3  to  4 

Dead    " 

ii             ii 

+  11 

ovaries  were  immediately  transferred  to  this  fluid.  At  successive  ages 
one  sample  of  eggs  washed  in  >ea  water  and  another  unwashed  sample 
were  centrifuged  simultaneously  in  sea  water.  The  body  fluid  eggs 
were  in  every  experiment  more  viscous  than  eggs  from  which  the  body 
fluid  had  been  washed  away.  The  difference  was  small  but  definite. 
I'.v  ca.  the  sixth  hour,  viscosity  was  the  same  in  both  kinds  of  eggs. 
Tin -reforr  neither  the  marked  liquefaction  upon  maturation,  nor  the 
striking  increase  in  viscosity  with  age  may  be  attributed  to  the  effect  of 
luidy  fluid.  It  was  pointed  out  above  that  in  a  few  of  the  early  experi- 
ment >  there  was  no  rise  in  viscosity  during  the  first  5  hours.  This  we 
believe  was  <ln<  ti,  a  comparison  of  eggs  whose  body  fluid  had  not  been 
thoroughly  \\a-lied  away  (hence  with  greater  viscosity)  with  eggs  at 
the  next  a^c  when  washing  had  been  complete. 
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Temperature  and  Viscosity. — In  Nereis  eggs  a  rise  in  temperature 
from  --0.7  to  -f-  30°  C.  decreased  viscosity  3^2  times  (Pantin,  1924). 
In  Cumingia  eggs  a  similar  increase  in  temperature  gave  rise  to  a 
cyclical  change  in  viscosity  with  maxima  at  0,  15,  and  32°  C.  (Heil- 
bnmn,  1924).  In  our  experiments  there  were  five  phases  with  maximal 
changes  of  11  times,  but  the  variation  in  temperature  was  within  2.25° 
C.  When  those  tests  were  selected  during  which  the  temperature  had 
not  changed  more  than  1  or  0.5°  C.,  the  same  viscosity  changes  oc- 
curred. Temperature,  therefore,  did  not  give  rise  to  the  marked 
viscosity  changes  in  ageing  eggs. 

Hydrogen  Ion  Concentration. — Acid  tends  to  increase,  alkali  to  de- 
crease viscosity  (Jacobs,  1922;  Barth,  1929);  but  viscosity  begins  to 
change  in  acid  medium  below  pH  7.8  (Barth,  1929) .  In  our  experi- 
ments the  transfer  from  body  fluid  to  sea  water  decreased  viscosity 
slightly.  This  was  probably  due  to  the  change  from  the  acid  body 
fluid,  viz.,  pH  7.4,  to  alkali  sea  water,  viz.,  pH  8.3.  With  ageing,  the 
pH  of  the  supernatent  sea  water  decreased  slowly  but  not  below  7.9. 
Hence  this  change  in  hydrogen  ion  concentration  per  sc  is  not  a  signifi- 
cant factor  in  the  large  viscosity  changes  during  ageing.  During  latest 
ages,  liquefaction  may  possibly  be  due  in  part  to  the  rapid  and  con- 
siderable inflow  of  sea  water  rendering  the  interior  less  acid. 

Granule  Size. — Increased  viscosity  may  be  due  to  the  formation  of 
new  granules  or  the  increased  size  of  old  granules  (Heilbrunn,  1928). 
We  were  unable,  as  were  previous  workers,  to  demonstrate  such  changes. 
Conversely  the  decreased  viscosity  during  latest  ages  may  be  due  to 
diminution  of  the  granules  in  one  or  more  layers.  The  four  zones  3 
were  present  at  all  ages,  but  their  volumes  changed  during  latest  ages. 
The  oil  zone  appeared  to  be  unchanged.  The  hyaline  zone,  however, 
was  much  larger,  in  extreme  instances  two  or  more  times  the  size  at 
previous  ages,  when  the  same  forces  and  durations  were  used.  This 
zone  was  entirely  free  of  grey  granules.  More  significant  is  the  diminu- 
tion of  both  grey  and  red  zones.  They  shrank  from  a  previous  ca. 
120°  4  to  about  Vs  or  45°  in  depth.  This  may  mean  either  a  diminution 
in  size  of  the  same  number  of  granules  or  a  loss  in  number  of  granules 
or  both.  Either  supposition  may  account  for  the  liquefaction  at  these 
late  ages,  but  due  to  this  change  in  depth  of  zones,  an  exact  comparison 
of  the  viscosity  at  these  late  ages  with  the  viscosity  at  earlier  ages  may 
not  therefore  be  made. 

Ion  Penetration. — Rate  of  ion  penetration  may  change  with  age. 
Osterhout  (1926)  and  Brooks  (1929)  found  that  K  accumulated  in  the 

J  The  fifth  zone,  described  by  E.  B.  Harvey  (1932),  was  not  studied. 
4  Measured  in  degrees  on  the  periphery. 
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cell  sap  of  ageing  Valonia.  Stiles  and  Kidd  (1919),  studying  the  rela- 
tive penetration  of  K,  Ca,  Na,  and  Mg  in  ageing  carrot  and  potato 
cells,  discovered  that  calcium  changed  most  with  age.  The  effect  of 
changing  concentration  of  ions  with  age  requires  further  study.  The 
calcium  change  is  now  under  investigation. 

I'cnneability. — Viscosity  and  water  intake  both  increased  during 
mitosis  and  cell  division  (Heilbrunn,  1920a;  Haberlandt,  1919,  1920). 
In  our  next  study  it  will  be  shown  that  permeability  to  water  progres- 
sively and  markedly  increased  in  ageing  Arbacia  eggs.  Increased 
viscosity  in  these  eggs  occurred  with  increasing  permeability  to  water. 
Both  increased  during  the  first  ca.  35  hours  after  shedding.  There- 
after permeability  increased  much,  further,  while  viscosity  was  reversed. 
Similar  reversal  of  viscosity  occurred  with  increasing  CO.,  (Jacobs, 
1922),  increasing  alkalinity  (Earth,  1929),  increasing  temperature 
(Heilbrunn,  1920/>,  1924).  It  is  extremely  interesting  that  Dhar 
(1930)  obtained  a  reversal  of  viscosity  in  ageing  hydrophyllic  colloids. 
In  our  experiments  the  liquefaction  at  late  ages  may  be  due  in  part  to 
excess  water,  to  decreased  acidity  of  interior  of  egg,  or  to  excess 
calcium. 

Injury. — Without  attempting  to  define  injury,  it  may  be  said  that 
increasing  permeability  and  viscosity  occurred  with  little  or  no  proto- 
plasmic deterioration.  Deterioration  was  measured  by  decreased  and 
by  irregular  cleavage.  In  Experiment  T.2,  Fig.  3,  for  example,  between 
1/4  and  8  hours,  the  viscosity  increased  79  per  cent,  i.e.,  the  centrifugal 
time  necessary  to  zone  to  standard  increased  from  120  to  215  seconds. 
During  these  ages  cleavage  was  normal  and  decreased  but  1  per  cent 
(i.e.,  from  100  to  99).  Between  8  and  33  hours  viscosity  increased  to 
204  per  cent.  Irregular  cleavage  began  at  the  twenty-first  hour. 
Cleavage  decreased  at  the  thirty-third  hour  to  80  per  cent.  Viscosity, 
during  these  ages,  increased  with  progressive  injury.  Buenning  (1926) 
had  observed  this  phase  only.  During  later  ages  there  was  considerable 
and  rapid  deterioration.  This  was  associated  with  decreased  viscosity. 

SUMMARY 

1.  Relative  viscosity  was  determined  by   (a)   change  in  percentage 
of  e^s  zoned  to  a  fixed  standard,  at  constant  centrifugal   force  and 
time;  ( /> )  change  in  time  at  a  given  force  to  produce  same  percentage 
of  equallv  zoned  eggs. 

2.  Ageing  unfertilized  eggs  manifested   five  major  phases  in  vis- 
cosity, viz. 

(a)  I'nripe  eggs.  No  trace  of  zoning  could  be  induced.  They 
were  at  least  eleven  times  more  viscous  than  mature  eggs. 
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(b)  All  mature  eggs  were  readily  zoned  at  much  lower  forces  and 
duration.     Maturation    is    accompanied    by    profound    and    apparently 
rapid  liquefaction. 

(c)  During  the  first  ca.  35  hours  after  shedding,  ripe  eggs  pro- 
gressively increased  in  viscosity,  2  to  3  X-     At  constant  force  and  time, 
the  zoned  eggs  decreased  with  age  from  85  to  0  per  cent.     To  produce 
the  same  percentage  of  equally  zoned  eggs,  the  centrifuging  time  in- 
creased from  ca.  2  to  5  minutes.     Similar  results  were  obtained  when 
eggs  were  centrifuged  in  isosmotic  sugar  solution. 

(d)  With  further  ageing,  viscosity  was  reversed.     There  was  pro- 
gressive liquefaction.     The  decrease  was  3  to  4  X- 

(e)  Upon  death  viscosity  was  again  sharply  increased  at  least  eleven 
times. 

3.  The  amount  of   change  with  age  is  greater  than   that   during 
mitosis,  or  induced  by  heat,  acid,  light,  etc. 

4.  Temperature  and   acid   are   excluded   as    factors    in   the   cyclical 
viscosity  changes  with  age. 

5.  Perivisceral  fluid  is  also  not  responsible. 

6.  Increasing  permeability  to   water   is   associated   with   increasing 
viscosity  during  early  and  intermediate  ages.     During  late  ages,  with 
excess  water  intake,  viscosity  is  reversed. 

7.  Viscosity  increased  during  early  ages  with  no  detectable  injury. 
It  increased  further  with  progressive  injury,  i.e.,  during  intermediate 
ages.     It  decreased  during  the  period  of  most  rapid  injury. 
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THE  PHYSIOLOGY  OF  DIGESTION  OF  PLANKTON 

CRUSTACEA 

I.     SOME  DIGESTIVE  ENZYMES  OF  DAPIINIA 
ARTHUR  D.  HASLER 

(From  the  Linmoloyical  Laboratory,  University  of  Wisconsin) 

This  paper  constitutes  the  first  report  of  a  biochemical  assay  of  the 
digestive  enzymes  of  Daphnia. 

The  food  of  plankton  Crustacea  has  been  a  contestable  subject  since 
Putter  (1909)  postulated  that  most  aquatic  organisms  derived  much  of 
their  nutrition  from  dissolved  organic  matter.  The  experiments  con- 
trary to  this  theory  culminated  in  the  work  of  Krogh  (1930),  who 
found  dissolved  organic  substances  of  no  importance  in  the  nutrition  of 
aquatic  animals  and  of  Stuart,  et  al  (1931),  who  raised  bacteriologically 
sterile  Moina  and  found  them  unable  to  subsist  on  dissolved  nutritives 
— participate  food  alone  could  furnish  a  supporting  diet.  "  Staub- 
f eine  "  detritus  appeared  to  Naumann  (1918)  to  play  the  most  im- 
portant role  in  the  nutrition  of  cladocerans.  He  also  (1921)  determined 
a  renewal  coefficient  of  the  intestinal  contents  (15-30  minutes)  in 
several  species  of  the  same  group  which  demonstrated  the  short  period 
that  food  remains  in  their  digestive  tracts.  Klugh  (1927)  found  some 
Entomostraca  able  to  utilize  fine  detritus  but  showed  their  chief  food  to 
consist  of  planktonic  Chlorophyceae.  Many  workers  point  to  the  im- 
portance of  bacteria  as  food.  It  is  not  unreasonable  to  suppose  that 
they  make  up  a  part  of  the  filterable  food  of  plankton  Crustacea,  for 
Juday  (1934)  calculates  them  to  be  1  per  cent  of  the  dry  organic  matter 
found  in  the  centrifuge  plankton  of  Trout  Lake. 

Birge  and  Juday  (1922  and  1934),  in  a  chemical  study  of  participate 
and  dissolved  organic  matter  in  southeastern  and  529  northeastern  Wis- 
consin lakes,  find  considerable  available  food  stuffs.  In  the  latter  group 
of  lakes  the  organic  matter  in  the  centrifugable  plankton  consisted  of 
37  per  cent  crude  protein,  4  per  cent  ether  extract  and  59  per  cent  car- 
bohydrate. In  the  former  report,  analyses  of  algae  show  them  to  have 
a  higher  protein  content  than  carbohydrate. 

The  experiments  reported  in  this  paper  show  that  a  digestive  me- 
chanism exists  in  Daphnia  capable  of  utilizing  protein,  carbohydrate, 
and  fat. 

Acknowledgment  is  appreciatively  given  to  Professor  C.  Juday  for 
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suggesting  the  problem,  to  Professor  II.  C.  Bradley,  Department  of 
Physiological  Chemistry,  under  whose  direction  this  work  was  carried 
out  and  who  furnished  laboratory  facilities;  also  to  Dr.  II.  D.  Baern- 
stein  for  instruction  in  the  use  of  physico-chemical  apparatus. 

MATKRIAI.S  AND  METHODS 

Daphnia  magnet  was  cultured  in  large  battery  jars  and  butter  tubs, 
on  a  medium  of  sheep  manure  and  acid  phosphate.  Frequent  seining 
yielded  sufficient  Daphnia  for  limited  analysis  only.  Pure  cultures  of 
D.  pulex  were  netted  from  Lake  Monona  in  the  spring  and  fall  of  the 
vear.  Large  quantities  were  obtained  from  this  source. 

Finely  ground  casein,  on  which  the  indicators  neutral  red  and  brom- 
cresol-phenol  had  been  adsorbed,  was  fed  to  D.  magna.  The  color 
change  of  the  indicator  was  observed  in  progress  through  the  alimentary 
tract  and  the  pH  approximated.  The  pll  was  found  to  vary  from  6.8 
in  the  anterior  end  of  the  tract  to  7.2  at  the  caudal  end.  This  result 
indicated  a  tryptic  type  of  proteolytic  digestion.  Rankin  (1929)  found 
a  range  of  6.8-8.0  in  Simocephalus. 

In  the  preparation  of  the  extract,  D,  pulcx  were  strained  from  the 
water,  dehydrated  and  partially  defatted  by  treatment  with  acetone. 
Defatting  was  continued  with  petroleum  ether.  One  gram  of  residue 
was  powdered  in  an  agate  mortar  and  extracted  for  twenty-four  hours 
with  100  cc.  of  50  per  cent  glycerol.  The  filtered  extract  contained 
proteinases,  carbohydrate  and  fat-digesting  enzymes.  Fresh  hog  pan- 
creas with  a  strip  of  duodenum  were  treated  in  the  same  manner  as  the 
Daphnia.  This  extract  was  compared  with  Daphnia  extract  in  some  of 
the  experiments.  For  micro-analysis  50  intestines  were  dissected  from 
D.  mayna  and  extracted  with  50  per  cent  glycerol. 

1  •'.  X  A  M  I  N  AT  I O  X    OF   Til  K    1 ''.  XTR ACT 

7V/c  I'rolcinascs 

In  order  to  micro-anal ytirally  detect  the  presence  of  a  proteinase  in 
/>.  mayna,  the  Gates  (1927)  photographic  plate  method  was  modified 
t<>  show  qualitatively  the  proteolytic  activity  of  the  glycerol  extract  of 
D.  magna  intestines.  Drops  of  this  extract  definitely  digested  the 
-.•latin  film  of  a  photographic  plate  showing  the  presence  of  a  proteinase 
in  the  di-e-tive.  tract  of  Daphnia. 

For  quantitative  analy>i>  of  the  Daphnia  proteinase,  the  viscosity 
method  of  Xorihrop  (1922)  was  modified  for  use.  With  the  aid  of  the 
(  ).xtwald  viMosimeter,  it  was  possible  to  follow  the  hydrolysis  of  gelatin 
by  a  prnteina>e.  The  activity  of  the  enzyme  is  measured  in  terms  of 


DIGESTIVE  ENZYMES  OF  DAPHNIA 


209 


decreasing  viscosity  (AV)  of  the  substrate.  A  special  gelatin  from 
Swift  and  Co.  was  used  for  the  first  experiments.  Solutions  of  3 
per  cent  concentration  were  made  up  in  a  phosphate  buffer  at  pH  7.4, 
preserved  in  thymol  and  kept  in  test  tubes  (5  cc./tube)  at  3°  C.  Test 
tubes  of  gelatin  were  placed  in  a  water  bath  of  34°  C. ;  the  temperature 
was  kept  constant  by  a  heating  unit,  agitator,  and  toluene  regulator. 
When  the  gelatin  reached  bath  temperature,  it  was  transferred  to 
Ostwald  viscosimeters.  To  these  were  added  0.5  cc.  of  the  1  per  cent 
glycerol  extract.  Viscosity  readings  were  taken  as  often  as  possible 
for  the  first  15  minutes.  After  that,  readings  were  made  at  10-minute 


FIG.  1.  Hydrolysis  of  gelatin  at  pH  7.4  by  proteinases  of  hog  pancreas  (A), 
and  of  Daphnia  (B).  The  ordinate  represents  decreasing  viscosity  (AV)  ;  the 
abscissa  is  the  time  in  minutes. 

intervals  for  one  hour.  To  the  control  tubes  was  added  0.5  cc.  of  50 
per  cent  glycerol.  The  gelatin-digesting  ability  of  1  per  cent  glycerol 
extracts  of  both  D.  pnlc.v  and  hog  pancreas  were  determined  and  com- 
pared. Fig.  1  shows  the  hydrolysis  of  gelatin  by  the  proteinases  in 
the  extracts  of  both  Daphnia  and  hog  pancreas.  The  curves  represent 
the  mean  of  two  runs  against  a  control  and  were  duplicated  twice. 
They  are  typical  hydrolysis  curves,  falling  suddenly  at  the  onset  of 
cleavage.  The  curves  then  level  off,  but  A  gradually  approaches  B. 
The  1  per  cent  extract  of  Daphnia  decreased  84 A V  in  20  minutes 
while  a  1  per  cent  extract  of  hog  pancreas  fell  to  100 A  V  in  the  same 
time. 
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EFFECT  OF  pH  ox  ENZYME  ACTIVITY 

The  character  of  an  enzyme  is  determined  by  the  pi  I  of  optimum 
activity.  Mammalian  peptic  enzymes  are  most  active  at  pH  1.0.  tryptic 
enzymes  pH  7-8  and  katheptic  enzymes  pH  4—5.  The  subsequent  pro- 
lure  was  followed  in  determining  the  effect  of  pll  upon  proteinase 
activity  of  the  Daphnia  extracts.  The  1  per  cent  extract  used  in  the 
above  experiment  was  diluted  to  contain  1.5  Daphnia  proteinase  units. 
A  unit  was  defined  as  the  amount  of  enzyme  necessary  to  cause  a  de- 
crease of  20AV  of  1.5  per  cent  Sargent's  gelatin  in  20  minutes;  pll 
7.4,  temperature  34°  C. 

Test  tubes  of  1.5  per  cent  Sargent's  gelatin  were  buffered  in  a  series 
at  hydrogen-ion  concentrations  of  1-10  and  preserved  with  thymol. 
The  pH  was  determined  with  the  aid  of  the  quinhydrone  electrode.  To 
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FIG.  2.     Activity  of  lia^inia  proteinases — effect  of  pH  on  -(.-latin  hydrolysis. 
Decreasing  viscosity   (AV)   is  the  onlinute;  the  abscissa  nprrsmts  pH. 


5  cc.  of  gelatin  at  a  desired  pll,  0.5  cc.  of  en/vine  solution  containing 
1.5  units  was  added.  Viscosity  readings  were  made  and  a  graph  con- 
structed for  proteinase  activity.  The  readings  at  the  end  of  50  minutes, 
fur  each  of  the  pll  1-10  runs,  were  taken  and  plotted  against  pH. 
The  activitv  of  the  proteinase  at  any  pll  can  be  read  from  Fig.  2.  The 
optimum  activity  was  readied  at  pll  7.4.  Its  activity  decreased  on  the 
alkaline  side  of  pll  7.4.  On  the  acid  side,  the  enzyme  was  found 
to  be  inactive  at  pi  I  3.2.  The  graph  was  constructed  from  the  mean  of 
two  runs  at  each  pll.  A  control  was  used  in  all  cases  and  the  experi- 
ment duplicated  three  times. 

AMYLASE 

The  amount  of  maltose  produced  by  the  action  of  1  per  cent  extract 
on  a  3  per  cent  corn  -taivh  solution  was  iodometrically  titrated  by  the 
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Baker  and  llulton  (1920)  method  for  the  estimation  of  sugars  and 
used  as  an  indication  of  amylase  activity.  A  10-cc.  sample  starch  solu- 
tion, pH  7.4,  was  diluted  to  50  cc.  and  used  as  the  substrate.  To  this 
was  added  1  cc.  of  extract  and  thymol  for  preservative,  and  it  was  then 
kept  at  37°  C.  Every  15  minutes  5-cc.  samples  were  withdrawn  and 
titrated.  The  increase  in  the  amount  of  thiosulphate  used  in  the  titra- 
tion  was  equivalent  to  the  same  amount  of  maltose  liberated  in  the 
digest.  Duplicate  samples  were  used.  The  curves  in  Fig.  3  represent 
the  mean  of  two  runs.  The  control  showed  no  hydrolysis  during  the 
run. 


15 


30 


FIG.  3.  Hydrolysis  of  starch  at  pH  7.4  by  amylase  of  hog  pancreas  (A),  and 
of  Daphnia  (£?)•  The  ordinate  represents  the  number  of  cc.  of  N/20  maltose; 
the  abscissa  is  the  time  in  minutes. 

The  concentration  of  amylase  is  much  greater  in  the  glycerol  extract 
of  hog  pancreas  than  in  the  Daphnia.  After  30  minutes  the  hydrolysis 
of  the  starch  by  1  per  cent  hog  pancreas  extract  was  equivalent  to  2.4 
cc.  of  N/20  maltose,  while  in  the  same  time  1.0  cc.  was  the  total  amount 
produced  by  the  Daphnia  extract. 

LIPASE 

For  the  determination  of  lipase  activity,  50  cc.  of  4  per  cent  tribu- 
terine  were  emulsified  with  sodium  glycocholate.  To  this  were  added  2 
cc.  of  1  per  cent  extract.  The  digest  was  placed  at  37°  C.  and  10-cc. 
samples  were  withdrawn  hourly  and  titrated  with  N/20  NaOH.  The 
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increase  in  acidity  due  to  the  liberation  of  fatty  acids  by  the  hydrolytic 
action  of  the  lipase  in  the  Daphnia  extract  and  hog  pancreas  extract 
\va-  recorded  in  terms  of  N/20  NaOH.  The  results  are  shown  in 
Fig.  4.  The  experiments  were  duplicated  and  run  with  controls.  The 
pre-ence  of  a  lipase  in  the  Daphiiia  extract  is  clearly  demonstrated. 
The  mean  acidity  at  the  end  of  four  hours  was  equivalent  to  0.9  cc.  of 
\  Jo  Xa(  )Ii  in  the  case  of  1  per  cent  glycerol  extract  of  DapJinia  and 
2.6  for  hog  pancreas. 


l-'n;.  4.      Hydrolysis    of    triluilcrinr    by    lipase   of    hog    pancreas    (.•/),    and    of 
Daplmia    (/•'».     The  ordinatc   rrpn>rnts   the  mitnlirr   of   re.   of   N/20   NaOH: 
;diM  i^a  is  the  time  in  liotn    . 

1  )l.-i  i   --ION 


'I  he  experiments  >h<>\v  the  prcMMirr  of  a  proteinase,  aniylasc,  and 
lipa-e  \\hich  ]iartially  cninpli-ti1  the  enzyme  mechanism  for  handling 
proteins,  carbohydrates,  and  fats  available  to  Daphnia  in  its  natural 
lialn'iat  and  under  natural  feeding  conditions.  These  experiments  show 
that  the  activities  of  the  proteinase  and  amylase  are  such  that  consider- 
able di-e-timi  is  p»^ihle  jn  the  15-30  minutes  that  food  is  said  to  remain 
in  the  alimentary  tract.  From  Fig.  1  it  was  computed  that  88  per 
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cent  of  the  total  digestion  of  gelatin  clone  by  a  1  per  cent  extract  of 
Daphnia  was  completed  within  20  minutes.  Fig.  3  shows  that  of  the 
total  amount  of  maltose  formed  by  amylase  in  75  minutes,  80  per  cent 
was  produced  in  the  first  30  minutes. 

Figure  1  illustrates  a  comparison  of  the  protcolytic  activity  of  a 
1  per  cent  glycerol  extract  of  defatted  D.  pulex  and  a  1  per  cent  glycerol 
extract  of  defatted  hog  pancreas.  It  is  apparent  that  the  hog  pancreas 
extract  contains  more  enzyme  than  the  Daphnia  extract,  due  primarily 
to  the  fact  that  the  digestive  enzymes  of  the  hog  are  most  concentrated 
in  the  pancreas.  On  the  other  hand,  however,  if  the  amount  of 
proteinase  present  per  body  weight  of  Daphnia  be  compared  with  the 
amount  per  body  weight  of  hog,  the  picture  would  look  very  different. 
Estimating  a  hog  to  weigh  200  Ibs.,  the  hog  pancreas  0.5  Ibs.,  and  the 
average  Daphnia  0.0043  oz.,  rough  calculations  approximate  the  amount 
of  proteinase  to  be  from  300  to  400  times  greater  per  body  weight  of 
Daphnia  than  per  body  weight  of  hog. 

The  proteinase  obtained  by  gross  extraction  of  the  entire  organism 
is  found  to  have  an  optimum  digestion  at  pH  7.4.  This  extract  may 
obviously  contain  proteases  other  than  the  digestive  enzymes,  and  any 
interpretation  of  the  results  may  be  made  with  this  in  view.  Isolation 
of  a  proteinase  from  the  digestive  tract  of  Daphnia  was  not  attempted. 
On  the  other  hand,  the  extracts  of  50  isolated  digestive  tracts  of 
D.  magna  showed  definite  proteolytic  activity  at  pH  7,  which  corre- 
sponds with  the  pH  observed  in  the  digestive  tract  and  with  the 
optimum  pH  of  the  enzyme  mixture  obtained  from  the  entire  animal. 
It  will  be  recalled  that  mammalian  tissue  proteases  react  best  in  slightly 
acid  media-about  pH  4  -f,  and  not  at  all  at  7.  The  author  believes, 
therefore,  that  he  is  warranted  in  assuming  that  the  proteinase  obtained 
by  extracting  the  entire  Daphnia,  acting  best  at  pH  7.4,  is  the  digestive 
enzyme  of  the  alimentary  tract. 

The  character  of  the  proteinase  simulates  that  of  mammalian  trypsin 
and  the  initial  cleavages  on  gelatin  were  undoubtedly  produced  by  this 
tryptic-like  proteinase,  since  Waldschmidt-Leitz  (1929)  holds  that 
erepsin  does  not  hydmlyze  gelatin.  It  is  very  probable,  however,  that 
erepsin  was  present  and  played  some  part  in  the  splitting  of  the  poly- 
and  di-peptides  after  the  initial  cleavages  by  the  proteinase  had  been 
made.  In  addition,  the  fact  that  the  extract  was  practically  inactive  at 
pH  3.8  and  completely  inactive  at  3.2  rules  out  the  possibility  of  the 
presence  of  a  peptic  type  of  digestion. 

SUMMARY 

1.  A  digestive  enzyme  system  exists  in  Daphnia  that  enables  it  to 
digest  considerable  protein  and  carbohydrate  within  30  minutes. 
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2.  Microchemical  analysis  of  glycerol  extracts  of  D.  maijua  in- 
testines demonstrated  the  presence  of  a  proteinase  similar  to  trypsin. 
Quantitative  estimations  were  made  of  proteinase  activity  of  whole 
D.  pnlcx  extracts. 

.x   Xo  pepsin  was  found  in  the  extracts. 

4.  Amylase  and  lipase  were  chemically  demonstrated  in  extracts  of 


5.  The  pH  of  the  alimentary  tract  of  D.  magna  was  found  to  range 
from  6.8-7.2. 
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THE  EFFECT  OF  CUPRIC,  MANGANOUS,  AND  FERRIC 

CHLORIDES  UPON  CARDIAC  EXPLANTS  IN 

TISSUE  CULTURE 

DUNCAN  C.  HETHERINGTON  AND  MARY  E.  SHIPP 
(From  the  Department  of  Anatomy,  Duke  University  School  of  Medicine} 

INTRODUCTION 

Considerable  material  has  appeared  in  the  literature  concerning  the 
effect  of  many  metallic  ions  and  salts  upon  various  biological  functions. 
It  has  appeared  from  the  studies  of  Titus  and  Cave  (1928),  Titus,  Cave 
and  Hughes  (1928)  and  Elvehjem  (1932)  that  manganese  and  iron  are 
particularly  prominent  in  numerous  roles,  especially  in  cellular  respira- 
tion, hemoglobin  formation,  and  nutrition.  To  introduce  a  third  ele- 
ment, copper  likewise  is  essential  to  hemoglobin  formation  regardless 
of  the  amount  of  iron  administered  to  the  organism  (Titus  and  Cave, 
1928).  Further,  it  was  shown  by  Titus  and  Hughes  (1929)  that  cop- 
per and  manganese  may  be  stored  in  the  animal  body  in  such  a  way  as 
to  be  effective  in  the  utilization  of  iron  in  respiratory  pigment  formation. 
Later  studies  by  Locke  and  Main  (1931)  have  provided  additional  evi- 
dence that  iron  is  essential  for  the  regulation  of  cellular  respiration  and 
that  it,  together  with  copper,  forms  the  oxygen-binding  nucleus  of  the 
respiratory  pigments.  The  absorption  of  oxygen  by  the  cells  is  due  to 
a  reaction  between  molecular  oxygen  and  a  complex  intracellular  iron 
compound  which  is  believed  to  be  a  hematin  derivative  and  is  termed 
"the  respiratory  enzyme"  (Warburg,  1923«,  1923&,  1925,  1926,  1928; 
Warburg,  Posener  and  Negelein,  1924). 

The  fact  that  these  metals  play  a  further  part  in  the  proper  function 
of  the  blood  is  brought  out  by  Meyer  and  Eggert  (1932),  who  reported 
beneficial  results  following  the  administration  of  copper  and  iron  com- 
binations in  the  treatment  of  secondary  anemia,  while  the  liver  and  liver 
extracts  used  in  primary  anemia  have  appeared  to  be  effective  for  rea- 
sons other  than  that  they  contain  high  percentages  of  these  metals.  On 
the  other  hand,  the  beneficial  effects  of  hepatic  therapy  in  secondary 
anemia  may  be  due,  at  least  in  part,  to  the  presence  of  these  two  metals. 

The  absence  of  iron  and  copper  from  synthetic  media  results  in  the 
slowing  up  of  yeast  cell  proliferation  and  the  production  of  atypical 
cells  with  low  pigment  content.  This  reduction  of  pigment  has  been 
held  to  be  comparable,  in  certain  respects,  to  the  condition  of  anemia 
in  animals  (Elvehjem,  1931). 
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Leaving  the  question  of  iron  and  copper  fur  the  moment  and  turning 
to  that  of  manganese,  it  has  been  shown  that  horses  and  goats,  im- 
munized against  diphtheria,  and  exhibiting  a  constant  fall  of  antitoxin 
litre,  would  increase  the  titre  following  injections  of  manganese  chloride. 
Small  injections  of  this  salt  increased  the  power  of  the  organism  to 
destroy  the  bacterial  toxins  to  such  a  degree  that  animals  so  treated 
were  not  poisoned  by  an  otherwise  fatal  dose  of  toxin.  This  was  par- 
ticularly true  in  cases  of  tuberculosis  in  mice  and  guinea  pigs  (Walbum, 
1921,  1924).  Although  manganese  will  raise  the  titre  of  diphtheria 
antitoxin,  it  will  not  change  that  of  tetanus,  nor  has  it  any  effect  upon 
agglutinins  or  hemolysins  (Pico,  1924). 

The  experiments  reported  in  the  present  article  were  devised  to  test 
the  effect  of  different  concentrations  of  the  three  metals  mentioned  upon 
the  growth  and  longevity  of  cells  in  tissue  cultures.  The  3,000  cultures 
examined  in  this  study  have  yielded  some  rather  definite  information  on 
the  questions  of  the  toxicity  of,  and  the  tolerance  to,  these  elements  when 
used  singly  and  in  combinations.  It  became  of  interest  to  determine 
whether  a  tolerance  could  be  built  up  for  such  solutions  as  proved  toxic; 
and  whether  a  combination  of  non-toxic,  or  even  beneficial  solutions  was 
more  beneficial  than  the  constituents  used  separately. 

TECHNIQIK 

All  of  the  culture^  used  in  these  experiments  were  made  by  the 
cover-slip-hanging-drop  method.  The  procedures  were  carried  out  with 
aseptic  precautions  in  each  instance.  All  water  used  was  triply  distilled 
in  an  all-Pyrex-glass  apparatus.  The  plasma  was  obtained  by  centri- 
fuging  blood  drawn  from  the  wing  veins  of  young  hens.  Kmbryo  juice 
(33  per  cent)  wa>  prepared  by  extracting  seven-day,  or  eight-day  chick 
embryos  in  Tvmde  solution  (pll  7.4  to  7.6)  containing  0.25  per  cent 
dextrose.  In  order  to  increase  the  potency  of  the  extract,  it  was  allowed 
to  stand  twenty-four  hours  at  40°  F.  before  centrifuging  (Carrel,  1913). 
In  the  experimental  series  the  metallic  salts  (Merck's),  in  sufficient 
quantities  for  the  proper  final  dilutions,  were  added  to  the  embryo  juice 
In-fore  mixing.  Tissue  from  the  hearts  of  .seven-day,  or  eight-day  chick 
embryos  was  planted  in  a  mixture  of  equal  quantities  of  plasma  and 
embryo  juice  containing  the  metallic  salt.  An  equal  number  of  controls, 
using  the  same  plasma,  stock  embryo  juice,  and  embryo  heart  tissue,  was 
run  with  each  series  of  the  metallic  chloride  cultures.  These  cultures 
were  incubated  at  39°  C.  and  careful  daily  records  were  kept  on  each  as 
long  as  ii  remained  alive.  An  average  percentage  death  curve  was  con- 
structed from  tin-  data  obtained  in  the  control  cultures  of  all  experiments 


METALLIC  SALTS  IN  TISSUE  CULTURES  217 

in  this  paper  and  serves  as  the  standard  for  comparison  with  the  curves 
obtained  from  the  metallic  ion  series. 

EXPERIMENTAL 
Cupric  Chloride  Experiments 

In  these  experiments  to  test  the  effect  of  the  copper  salt,  CuCL 
.  2H2O  was  added  to  embryo  juice  samples  in  sufficient  quantities  to 
make  a  range  of  dilutions  and  normalities,  after  an  equal  quantity  of 
plasma  had  been  added,  as  follows:  1-10,000  (.00117  N),  1-25,000 
(.00056  N),  1-40,000  (.00029  N),  1-50,000  (.00023  N),  1-100,000 
(.000117  N). 

The  average  death  curve  of  the  control  cultures  climbed  rapidly  at 
first  and  then  more  gradually  until  the  twenty-fifth  day  when  all  cultures 
were  dead.  Cupric  chloride — 1-10,000  (Graph  I) — was  found  to  be 
very  toxic  toxthe  explants,  as  evidenced  by  an  almost  straight  curve; 
92  per  cent  of  all  the  cultures  died  within  twenty-four  hours  and  the 
remaining  8  per  cent  within  forty-eight  hours.  In  cultures  with  this 
concentration  of  copper,  growth  was  practically  inhibited;  only  occasion- 
ally was  there  any  evidence  of  the  migration  of  fibroblasts.  In  the 
1-25,000  dilution  series  a  fair  radial  outgrowth  of  mesenchymal  cells 
was  present  twenty-four  hours  after  planting.  However,  the  curve  rises 
very  rapidly  until  the  sixth  day,  after  which  it  resembles  the  control 
curve.  This  may  be  due  to  either  of  two  factors  or  a  combination  of 
them.  It  is  possible  that  the  tissues  became  accustomed  to  the  copper 
salt  or,  after  active  proliferation  of  fibroblasts  began,  the  toxicity  of  the 
chloride  may  have  become  proportionately  less  as  the  cell  mass  increased. 

The  curves  of  cultures  planted  in  1-40,000  and  1-50,000  dilutions 
of  the  copper  salt  rise  rapidly  and  more  or  less  in  company  until  the 
fifth  day.  Then  they  diverge  and  the  lesser  dilution  curve  flattens 
out,  rising  slowly  until  the  seventeenth  day.  On  the  other  hand,  the 
1-50,000  dilution  curve  continues  to  rise  until  the  ninth  day,  after  which 
the  rise  is  less  acute  until  the  fifteenth  day  when  all  cultures  were  dead. 
The  radial  outgrowth  of  cells  in  both  these  dilutions  was  good,  though 
markedly  better  in  the  greater  dilution.  This  fact  may  account  for  the 
different  nature  of  the  curve.  The  possibility,  which  suggests  itself 
here,  is  that  the  life  span  was  shorter  because  of  lack  of  nutriment. 

In  the  1-100,000  cupric  chloride  series,  the  radial  outgrowth  of  the 
cells  was  very  marked  and  exceeded  the  growth  of  the  controls.  This 
is  evidenced  by  the  curve  which  shows  that  on  the  eleventh  day  only 
30.5  per  cent  of  the  cultures  were  dead  as  compared  with  67  per  cent 
of  the  controls.  However,  from  this  point  on,  the  curve  rises  very 
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rapidly,  possibly  because  of  tbe  toxic  effect  of  the  salt  together  with 
the  lack  of  nutriment  and  accumulation  of  waste  products. 

A  second  series  of  experiments  to  test  a  possible  tolerance  of  the  cells 
to  cupric  chloride  was  carried  out  by  the  administration  of  a  toxic  con- 
centration of  the  metallic  salt  after  a  period  of  adjustment  in  greater 
dilutions.  Cultures  were  planted  in  each  of  the  four  salt  dilutions : 
1-25,000,  1-40,000,  1-50,000  and  1-100,000  and  allowed  to  incubate  for 
twenty-four  hours.  At  the  end  of  this  period  of  preliminary  adjust- 
ment and  growth,  each  living  culture  was  unsealed,  the  fluid  drawn  off 
and  replaced  by  one  drop  of  1-10,000  copper  chloride  embryo  juice. 
This  concentration  was  selected  because  it  had  been  found  to  be  the 
most  toxic  of  the  solutions  employed.  Following  this  treatment  the 
cultures  were  sealed,  incubated  as  usual,  and  observed  at  twenty-four 
hour  intervals  until  all  were  dead.  The  experimental  controls  for  this 
series  consisted  of  cultures  planted  in  the  regular  manner  without  any 
copper  salt  added  until  after  the  first  twenty-four  hours  of  incubation 
when  one  drop  of  1-10,000  copper  chloride  embryo  juice  was  added. 
Thereafter  the  results  were  recorded  as  for  the  other  series  and  all 
appear  in  Graph  II. 

For  the  first  three  days  the  percentage  death  curves  have  much  the 
same  shape,  rising  rapidly.  During  this  interval  the  toxicity  was  most 
marked  in  the  1-25,000  dilution  (80  per  cent),  about  the  same  for 
1^0,000  and  1-50,000  (71  and  72  per  cent),  less  in  the  1-100,000  (63 
per  cent)  and  least  in  the  experimental  control  (38  per  cent).  If  one 
compares  the  curve  of  cultures  planted  in  1-10,000  CuCl,  (Graph  I) 
with  the  curves  of  the  culture  series  in  the  varying  dilutions  to  which 
1-10,000  CuClo  was  added  after  twenty-four  hours  (Graph  II),  one 
notes  that  the  additional  copper  is  tolerated  rather  well  though  the  life 
span  is  much  less  (a  difference  of  eleven  days  for  1-100,000  CuCl, 
series)  for  all  series  compared  with  that  of  the  normal  controls.  The 
experimental  controls,  which  were  normal  cultures  allowed  twenty-four 
hours  undisturbed  growth  and  then  subjected  to  copper  chloride 
1-10,000,  died  off  less  rapidly  than  the  cultures  planted  in  the  various 
dilutions  and  then  treated  with  the  toxic  dose.  The  total  life  span, 
however,  was  the  same  as  that  of  the  1-100,000  dilution  cultures  in 
this  particular  experiment.  It  seems  from  this  that  a  very  critical  pe- 
riod in  the  life  of  the  explanted  tissues  occurs  within  the  first  twenty- 
four  hours  of  adjustment  and  growth. 

Another  experiment  was  devised  to  test  whether  the  age  of  the  cul- 
ture, before  adding  the  toxic  1-10,000  CuCl2,  would  influence  the  toler- 
ance as  evidenced  by  the  longevity  of  the  tissue.  A  large  series  of 
cultures  was  planted  in  the  various  dilutions  of  copper  chloride  as  before 
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and  divided  into  groups.  After  twenty-four  hours  incubation  a  set  of 
vigorous  cultures  from  ea*ch  dilution  scries  was  unsealed  and  each 
preparation  received  one  drop  of  1-10,000  CuCl,  embryo  juice.  They 
were  resealed  and  returned  to  the  incubator.  On  the  second,  third, 
fourth  and  fifth  days  a  fresh  group  from  each  series  was  similarly 
treated.  By  this  means  the  cultures  were  allowed  to  establish  growths 
in  their  respective  copper  dilutions  from  one  to  five  days  before  their 
susceptibility  to  the  toxic  concentration  of  copper  was  tested. 

The  results  of  this  experiment  were  rather  unsatisfactory.  How- 
ever, the  series  in  which  the  procedure  duplicated  that  of  the  tolerance 
experiment  just  described,  i.e.,  addition  of  the  toxic  solution  on  the  day 
following  planting,  reproduced  the  curves  of  Graph  II  almost  exactly. 
Two  days  difference  in  the  life  span  was  the  greatest  variation  and  that 
occurred  in  the  1-50,000  dilution. 

With  the  exception  of  the  cultures  in  1-25,000  dilution,  the  optimum 
resistance  to  an  added  toxic  dose  of  copper  salt,  as  evidenced  by  plotting 
the  results,  was  acquired  between  the  third  and  fourth  days  of  growth. 

Manganous  Chloride  Experiments 

Experiments,  conducted  in  a  manner  similar  to  those  of  the  copper 
series,  were  carried  out  with  manganous  chloride,  MnCl2.4  H2O,  added 
to  the  embryo  juice.  This  salt  was  added  in  quantities  sufficient  to 
form  the  following  final  dilutions  in  which  series  of  cultures  were 
planted:  1-100  (.10  N),  1-250  (.04  N),  1-500  (.02  N),  1-750  (.013 
N),  1-1,000  (.010  N),  1-5,000  (.002  N)  ;  1-10,000  (.0001  N),  1-15,000 
(.0006  N),  1-25,000  (.0004  N),  1-50,000  (.0002  N),  1-100,000 
(.0001  N). 

When  the  percentage  death  curves  were  plotted  and  compared  with 
the  average  curve  of  all  normal  controls,  it  was  found  (Graph  III)  that 
they  fell  roughly  into  three  major  groupings.  The  series  1-100  through 
1-1,000  showed  a  marked  toxicity  of  the  salt;  the  1-5,000  sets  were 
isolated  midway  between  these  and  the  remaining  dilutions.  The  curves 
of  all  dilutions  from  1-15,000  through  1-50,000  remained  below  the 
control  curve  until  the  twelfth  clay  after  which  they  fell  to  one  side  or 
the  other  of  this  curve.  The  1-100,000  dilution  curve,  from  the  fourth 
day  onward,  was  always  below  that  of  the  control  and  terminated  on  the 
twenty-seventh  day,  exceeding  the  control  in  length  by  two  days. 

From  these  curves  it  will  be  seen  that  the  presence  of  manganous 
chloride  in  dilutions  of  1-15,000  through  1-50,000  did  not  markedly 
influence  the  behavior  of  cells  in  cultures  although  the  life  span  was 
decreased  one  to  five  days.  The  cells  grew  and  radial  outgrowth  was 
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almost  as  prolific  as  in  the  controls  The  aging  process,1  slower  in  these 
cultures  than  in  the  controls,  was  hastened  a  little  after  the  twelfth  day. 

Manganous  chloride  1-100,000  prolonged  the  life  of  cultures  for 
two  days  as  compared  with  the  controls.  This  in  itself  was  not  a 
significant  increase,  hut  in  view  of  the  fact  that  the  percentage  deaths 
throughout  the  series  on  any  one  day  after  the  sixth  were  from  10  to  20 
per  cent  less  than  for  the  normal  controls,  it  seemed  that  manganese  in 
this  concentration  may  have  exerted  a  slight  influence  in  the  direction 
of  longevity. 

To  ascertain  whether  the  cultures  would  develop  a  tolerance  for 
manganese,  a  series  of  plantings  in  1-100,000  dilution  were  allowed  to 
adjust  themselves  for  twenty-four  hours.  At  the  end  of  that  time  they 
were  unsealed  and  to  each  culture  was  added  one  drop  of  1-100  MnCl2 
embryo  juice.  Then  they  were  resealed  and  returned  to  the  incuhator. 
The  results  of  these  series  showed  that  the  addition  of  the  very  toxic 
solution  (see  Graph  IV)  did  not  cause  the  death  curve  to  rise  precipi- 
tously as  in  the  1-100  dilution  series,  but  rather  to  rise  rapidly  until  the 
tenth  day  and  thereafter  to  follow  very  closely  the  curve  of  the  1-50,000 
dilution.  It  would  seem,  therefore,  that  preliminary  treatment  with  a 
non-toxic  manganese  concentration  protected,  to  some  extent,  cultures 
subjected  later  to  a  fatal  concentration. 

Ferric  Chloride  Experiments 

In  a  manner  similar  to  that  used  in  previous  experiments  plantings 
were  made  in  the  following  FeCl3.6  H2O  solutions:  1-250  (.044  N), 
1-500  (.022  N),  1-1,000  (.011  N),  1-10,000  (.0011  N),  1-50,000 
(.00022  N),  1-100,000  (.00011  N). 

The  results  of  these  series  are  shown  in  Graph  V.  The  dilution 
1-250  proved  to  be  highly  toxic,  90  per  cent  of  the  cultures  died  in  the 
first  twenty-four  hours  and  all  of  them  were  dead  in  five  days.  The 
curves  of  the  other  dilutions  except  1-500  and  1-1,000  followed  quite 
closely  that  of  the  average  normal  control,  falling  but  a  short  distance 
above  or  below  it  until  the  eighteenth  day  when  they  diverged.  With 
the  exception  of  the  1-250  dilution,  all  other  curves  exceeded  the  normal 
in  duration  from  three  to  eight  days.  Contrary  to  the  results  obtained 
for  the  copper  and  manganese  chlorides,  the  1-1,000  dilution  of  the 
FeCl3  proved  to  be  the  least  toxic  of  all  and  the  life  span  of  this  series 
was  prolonged  eight  days  over  that  of  the  controls.  This  is  a  signifi- 
cant increase  and  might  suggest  that  this  dilution  of  ferric  chloride  was 

1  The  addition  of  potassium  permanganate  to  mesenchymal  cells  in  cultures 
was  found  by  Lewis  (1921)  to  reproduce,  within  a  few  minutes,  the  degenerative 
changes  that  took  place  gradually  in  the  normal  aging  and  resultant  death  of  cells. 


224 


D.  C.  HETHERINGTON  AND  M.  E.  SHIPP 


O 


SHJ.V3Q    JO  3OVJ.N3Dd3d 


METALLIC  SALTS  IN  TISSUE  CULTURES 


225 


0§  O 

o  o  o  x  o 

§R8o  o 

Q  2  in  Q 


U     '  _L 


SHJ.V3Q    JO  30VlN30d3d 


!26  D.  C.  HETHERINGTON  AND  M.  E.  SHIPP 

beneficial  to  cultures.  However,  one  observation  must  be  kept  in  mind 
in  this  connection.  After  tissues  were  planted  in  the  FeCl3  solutions, 
a  brown  precipitate  was  produced  in  the  medium  and  in  all  the  iron  salt 
culture-,  histiocytes  were  found  in  noticeably  greater  numbers  than  in 
cither  copper  or  manganese  cultures.  These  phagocytic  cells  contained 
quantities  of  engulfed  iron  precipitates.  Whether  the  formation  of 
precipitates  rendered  the  iron  less  toxic  or  whether  the  abundance  of 
histiocytes  exerted  a  beneficial  influence  upon  the  cultures  is  not  known. 
As  suggestive  evidence,  only,  in  support  of  the  latter  idea,  the  senior 
author  noted,  in  some  other  experiments  using  cardiac  tissue  planted  in 
a  medium  containing  trypan  blue,  that  histiocytic  outgrowth  was  stimu- 
lated and  that  cultures  so  populated  remained  in  better  condition  longer 
than  those  without  an  abundance  of  macrophages. 

In  order  to  test  the  development  of  tolerance  to  iron,  a  series  of 
cultures  was  planted  in  1-1.000  FeCL  and  incubated  for  twenty-four 
hours  before  each  culture  received  one  drop  of  1-250  iron  salt.  As  in 
previous  experiments  of  this  nature,  the  preliminary  treatment  of  the 
cultures  with  the  least  toxic  dilution  of  the  salt  lessened  (Graph  VI) 
to  a  marked  degree  the  toxicity  of  a  fatal  dose;  although  the  life  span 
was  reduced  from  thirty-three  days  (1-1,000  dilution  curve)  to  twenty- 
six  days  (tolerance  curve)  as  compared  with  the  five-clay  span  for  cul- 
tures planted  only  in  1-250  dilution. 

Combination  Experiments 

In  view  of  the  fact  that  certain  dilutions  of  each  of  the  three  metallic 
chlorides  utilized  in  the  preceding  experiments  were  found  to  be  rela- 
tively non-toxic,  four  combinations  of  the  optimum  dilutions  of  the 
different  chlorides  were  made  and  cultures  were  planted  in  them.  The 
same  technique  used  in  the  previous  experiments  was  employed  here. 

The  salt  mixtures  used  were  as  follows: 

Solution  1.  (a)  Ferric    Chloride    1-1.000 

(&)  Cupric    Chloride    1-100,000 

(r)  Manganous    Chloride    1-100.000 

S,.l,nion  2.  (a)  Ferric    Chloride    1-1.000 

( '/>)  Manganous    Chloride    1-100,000 

Solution  3.  (a)  Ferric   Chloride    1-1.000 

(6)  Cupric    Chloride    1-100,000 

Solution  4.  fa)  Manpanous    Chloride    1-100.000 

(b)  Cupric    Chloride     1-100,000 

S<  ilution-  I .  .\  and  4  were  the  most  toxic  and  caused  sudden  death  of 
60  to  f>5  per  ,-rnt  of  the  cultures  by  the  third  day  (Graph  VII)  ;  those 
remaining  died  by  tin-  eighteenth  to  twentieth  days  as  compared  with  a 
life  span  of  twenty-five  days  for  the  normal  controls.  Solution  2  was 
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the  least  deleterious ;  its  curve  followed  closely  that  of  the  control  and 
the  life  span  of  the  series  was  only  one  day  less.  None  of  the  salt 
mixtures  had  any  advantage  over  the  single  optimum  dilutions  of  the 
respective  salts  composing  it.  It  was  noted  again,  however,  that  where- 
ever  iron  was  present  in  the  solutions,  the  cultures  contained  a  greater 
number  of  histiocytes  than  otherwise. 

SUMMARY 

Throughout  these  experiments  there  were  certain  characteristic  re- 
actions in  the  mesenchymal  cells  growing  in  the  various  dilutions  of  the 
metallic  chlorides  used.  The  nuclear  membrane  and  nucleoli  were  gen- 
erally a  little  more  sharply  defined  than  in  the  cells  of  the  controls. 
Accumulation  of  vacuoles,  first  about  the  nucleus  and  finally  throughout 
the  cytoplasm,  took  place  rapidly  in  the  toxic  salt  solutions.  At  times 
the  cells  were  so  thoroughly  occupied  by  fatty  looking  vacuoles  that  they 
bulged,  rounded  up  and  floated  away.  Similar  accumulations  of  vacu- 
oles occurred  in  the  controls  but  their  appearance  was  gradual  and  they 
only  assumed  great  numbers  as  the  cultures  aged. 

Optimum  dilutions  of  the  metallic  salts,  in  which  a  depression  of  the 
daily  death  rate  and  an  increase  in  the  life  span  of  the  cultures  were 
noted,  delayed  the  degenerative  changes  in  the  cells  beyond  the  time 
when  they  usually  made  their  appearance  in  the  controls. 

Of  these  solutions,  cellular  outgrowth  was  actually  stimulated  in  that 
of  copper  chloride,  the  death  rate  was  depressed  in  that  of  manganese 
chloride,  as  also  in  that  of  iron  chloride.  Furthermore,  the  life  span 
was  increased  in  the  latter  a  significant  number  of  days.  This  effect 
possibly  may  have  been  brought  about  indirectly  as  a  result  of  histio- 
cytic  stimulation. 

Tissues  could  be  protected  to  some  extent  from  the  action  of  a  fatal 
dose  of  these  three  metallic  salts  by  first  growing  the  cells  in  the  re- 
spective optimum  dilutions. 

No  beneficial  effects  were  obtained  by  growing  tissues  in  various 
combinations  of  the  optimum  dilutions  of  these  salts. 
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(From  the  M'oods  Hole  Oceanographic  Institution  1  and  the  Biological 
Laboratories,  Harvard  University) 

The  importance  of  copepods  as  the  chief  source  of  food  for  several 
types  of  commercially  valuahle  fish  and  whales  is  well  known  (Hardy, 
1924;  Wimpenny,  1929;  Hjort  and  Ruud,  1929;  Savage,  1931;  and 
Campbell,  1934).  Many  other  fish  and  various  invertebrates  depend 
upon  copepods  for  food  directly  or  indirectly.  Since  copepods  derive 
their  nourishment  from  more  primitive  organisms,  their  role  may  be 
regarded  as  that  of  '"  middle-man  "  in  the  main  food-chain  of  the  sea 
(Clarke,  1934«).  The  nutrition  of  copepods  is,  however,  a  matter 
about  which  very  little  is  definitely  known.  The  experiments  described 
in  this  paper  were  therefore  undertaken  in  an  attempt  to  discover  the 
precise  organisms  upon  which  copepods  feed.  This  information  is 
desired  not  only  in  relation  to  their  growth  but  also  in  relation  to  their 
distribution  (Clarke,  1934/r).  Furthermore,  the  development  of  a 
suitable  method  of  culturing  copepods  in  the  laboratory  has  long  been 
desired  in  order  that  the  effects  of  temperature,  light,  and  other  im- 
portant factors  upon  the  growth  and  behavior  of  the  animals  could  be 
investigated  under  carefully  controlled  conditions.  To  accomplish  this 
a  knowledge  of  the  food  of  copepods  is  obviously  a  primary  prerequisite. 

PREVIOUS  INVESTIGATIONS 

Previous  investigations  of  the  food  of  copepods  have  been  largely 
inconclusive,  as  already  pointed  out  (Clarke,  1934«;  cf.  also  Yonge, 
1931).  In  general  the  observations  may  be  divided  into  those  which 
are  claimed  to  indicate  that  copepods  live  on  diatoms  and  those  which 
appear  to  indicate  that  other  organisms  are  the  chief  source  of  food. 
Examinations  of  the  alimentary  canals  of  copepods  carried  out  by 
Dakin  (1908),  Esterley  (1916),  Marshall  (1924),  and  Lebour  (1922) 
revealed  that  a  major  part  of  the  recognizable  material  was  composed 
of  diatom  fragments.  Crawshay  (1915)  kept  Calmuts  finmarchicus 
alive  in  a  pure  culture  of  the  diatom,  Nitzscliia  clostcriuni,  for  several 
weeks.  Campbell  (1934)  believes  that  diatoms  are  the  chief  source  of 

1  Contribution  No.  '>'>. 
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food  for  Calanus  tons  us  in  the  Strait  of  Georgia.  She  states,  however. 
"It  does  not  seem  so  essential  that  a  large  supply  of  food  be  available 
while  the  copepod  is  in  the  adult  stage.  During  the  fifth  copepodid 
>tage  there  is  probably  sufficient  food  stored  as  oil  to  tide  the  organism 
over  the  egg-producing  period.  .  .  .  The  very  young  stages  of  the 
copepod  probably  do  not  depend  as  much  as  the  older  stages  upon  the 
diatoms  for  food.  Minute  Protozoa  and  bacteria  doubtless  form  the 
chief  constituents  of  their  diet." 

Marshall.  Xicholls,  and  Orr  (1934)  report  that  in  Loch  Striven 
during  1933  the  periods  of  diatom  increases  coincided  with  the  three 
main  spawning  periods  of  Calantts  fiiunarchicus.  They  assert:  "It  is. 
of  course,  impossible  to  state  what  are  the  actual  requirements  of  a 
Calanus,  but  the  younger  stages  being  less  mobile,  will  require  a  richer 
supply  than  the  later  stages  and  adults.  The  critical  time  is  therefore 
the  period  from  egg  to  early  copepodite.  and  the  presence  or  absence  of 
diatoms  in  the  water  then,  means  the  success  or  failure  of  a  brood." 
In  addition  they  found  that  "The  remaining  constituents  of  the  micro- 
plankton  (chiefly  minute  flagellates)  although  at  times  numerous  show 
no  relation  to  breeding  periods  or  survival."  Thus  Marshall,  Nicholls. 
and  Orr  feel  that  diatoms  are  essential  to  the  nauplii  whereas  Campbell 
believes  that  diatoms  are  an  important  source  of  food  only  during  the 
late  copepodid  stages. 

In  contrast  to  these  observations  are  those  of  Bigelnw  (\^26}. 
Johnstone  (1911),  and  Fish  (1925).  in  which  an  unmistakable  decrease 
in  the  amount  of  zooplankton  was  found  to  take  place  whenever  diatoms 
were  abundant.  Fish's  explanation  is  that  "'  the  common  species  [of 
diatoms]  having  these  swarming  periods  do  not  form  the  food  of  the 
zooplankton  so  far  as  I  have  been  able  to  determine."  and  that  "  During 
the  maxima  of  the  lar-e  diatoms  the  smaller  members  of  this  group 
which  are  eaten  by  pelagic  animals  disappear,  causing  a  scarcity  in  the 
food  supply." 

In  at  least  two  previous  cast's  copepods  have  been  kept  in  the  labora- 
tory on  food  other  than  diatoms.  Murphy  (1923  )  reared  Oitliona  muni 
in  small  Stender  dishes  in  each  of  which  a  small  piece  of  fresh  kelp  was 
placed.  Although  a  fair  growth  of  Xavicula  and  small  Protozoa  oc- 
curred, the  copepods  were  observed  to  eat  the  kelp  in  large  amounts. 
Bond  (1933i.  using  a  culture  of  the  green  flagellate.  Platyuwnas.  as  a 
source  of  fix  id,  reported  that  Calanus  finmarchicus  lived  for  over  two 
months.  Euchaeta  sp.  for  over  live  weeks,  and  Tif/nof^us  fitfaus  for 
several  months  including  many  generations.  Bacteria  were  not  ex- 
cluded from  the  culture  media  in  either  of  these  cases  nor  in  the  experi- 
ments of  Crawshay  cited  above.  Since  copepods  appear  to  he  well 
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equipped  with  enzymes  (Bond,  1934),  their  diet  should  not  be  limited 
from  lack  of  powers  of  digestion. 

MATERIAL  AND  METHODS 

The  following  cnpepods  obtainable  within  a  three  hours  run  of 
Woods  Hole  were  used  in  the  present  investigation  :  Ceiitropaycs  typicus 
and  hamatus,  Labidoccra  acstrca,  Acartia  tonsa,  and  Calamis  fininai'dii- 
cns.  Only  about  100  specimens  in  several  liters  of  water  were  brought 
in  at  one  time  and  the  catch  was  kept  cold  in  the  boat's  ice  box  until 
the  laboratory  was  reached.  Immediately  upon  arrival  the  copepods 
were  transferred  by  means  of  a  large-mouthed  pipette  to  the  containers 
to  be  used  for  culturing.  The  containers  were  placed  in  one  of  two 
constant  temperature  tanks  or  in  a  large  refrigerator.  The  tanks  were 
maintained  at  different  temperatures  (kept  constant  to  0.1°  C.)  by 
means  of  two  Kelvinator  cooling  units  operated  by  Hiergesell  thermo- 
regulators  and  relays. 

The  sea  water  used  in  the  containers  was  taken  from  the  laboratory 
tap  except  where  otherwise  specified.  In  certain  experiments  the  water 
was  changed  by  pouring  away  all  but  a  little  of  the  original  culture 
medium,  leaving  the  copepods  in  the  bottom  corner  of  the  dish  and  then 
replenishing  with  fresh  sea  water.  The  effect  of  stirring  and  aeration 
was  investigated  by  using  beakers  equipped  with  plungers  activated  by 
the  Plymouth  siphon  device  (Harvey,  1928)  or  by  employing  Erlen- 
meyer  flasks  through  which  compressed  air  from  a  tap  filter  pump  was 
slowly  bubbled. 

The  materials  which  were  tested  as  possible  sources  of  food  for  the 
copepods  included,  first,  the  organisms  already  present  in  the  sea  water. 
In  a  few  experiments  the  water  was  centrifuged  and  the  material  thrown 
down  added  to  the  culture  dishes.  Material  taken  in  the  harbor  with 
a  diatom  net  was  introduced  into  the  containers  in  other  cases.  In  a 
large  number  of  the  experiments  '"  persistent '  :  cultures  of  diatoms 
and  green  flagellates  grown  in  the  laboratory  were  used.  With  the  kind 
assistance  of  Professor  H.  H.  Gran  a  culture  of  Nitzschia  clostcriiini 
was  started  from  specimens  obtained  in  the  vicinity  of  Wroods  Hole. 
The  cells  grew  chiefly  on  the  bottom  and  sides  of  the  vessel  and  the 
copepods  provided  with  this  culture  did  not  survive.  Since  one  sup- 
poses that  filter-feeders  such  as  copepods  (Cannon,  1928)  can  consume 
material  in  suspension  only,  this  culture  and  others  of  the  encrusting 
type  were  abandoned  as  a  food  source.  Entirely  different  was  the 
culture  of  Nitssclu'a  closteriitin  kindly  sent  me  by  Dr.  E.  ].  Allen  from 
the  Laboratory  of  the  Marine  Biological  Association  at  Plymouth.  In 

2  By  a  "  persistent  "  culture  is  meant  one  which  contains  only  one  species  of 
alga  but  is  not  free  from  bacteria  and  Protozoa  (cf.  Allen  and  Nelson,  1910). 
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this  ca-e  the  diatoms  grew  almost  entirely  in  suspension  and  the  cells 
themselvc-  were  quite  dissimilar  from  the  Woods  Hole  form,  being 
smaller  and  almost  straight.  The  following  green  flagellates  were  also 
fi'tind  to  remain  in  suspension  in  pure  culture  and  were  tried  as  sources 
of  food:  Cartcria  incditcrranca,  procured  from  the  Pflanzenphysiologi- 
sches  Institute  der  Deutschen  L'niversitat  at  Prague;  Chlamydomonas 
sp..  obtained  from  tide  pools  on  Black  Rock  at  the  entrance  of  Xew 
Bedford  Harbor;3  and  a  mixed  culture  of  /Dunaliella  marina  and  D. 
salina.  kindly  sent  me  by  Dr.  R.  M.  Bond. 

TABLE  I 

The  survival  of  Calanus  in  relation  to  the  presence  of  diatoms  and  green  flagel- 
lates. At  15°  C.,  small  crystallizing  dishes  were  used  each  containing  2  copepods  in 
35  cc.  of  filtered  harbor  water  and  5  cc.  of  the  food  culture.  At  12°  C.,  Erlenmeyer 
flasks  were  used  each  containing  5  copepods  in  275  cc.  of  filtered  harbor  water  and 
25  cc.  of  the  food  culture. 


Food  material  added 

i   .  ii'i'piid-;  alive  after  the 
following  no.  of  days: 

Total 
number  of 
molt< 

0 

5 

11 

19 

25 

Temperature:  15°  C. 

Nitzschia  

10 
10 
10 

10 
10 

9 
9 
10 
10 

9 

4 
7 
6 
5 
3 

2 
4 

1 
1 
0 

2 

3 

0 
1 
0 

3 

3 

1 
3 
0 

Dunaliella  

Carteria  

Chlamydomonas  

No  food  added  .... 

Temperature:  12°  C. 

Nitzschia  

10 
10 
10 
9 

10 

10 
8 
8 

8 
5 
7 
3 

8 
3 
7 
2 

7 
1 
6 
2 

10 

1 
4 
2 

Dunaliella  

Carteria  

No  food  added  

The  diatoms  and  flagellate^,  were  all  cultured  by  the  following 
method  recommended  to  me  l>v  Professor  II.  II.  (Iran.  Sea  water 
i  r»m  the  laboratory  tap  was  filtered,  heated  to  70°  C.,  and  allowed  to 
cool.  I"  each  liter  was  added  10  cc.  of  the  following  nutrient  solu- 
tion: 0.1  per  i-i-nt  KXO.,  and  0.01  per  cent  Xa,HPO,  in  distilled  water. 
Growth  was  improved  by  adding  also  to  each  liter  of  sea  water  5-10 
cc.  of  a  -oil  extract  made  as  follows:  To  1  kg.  of  rich,  dark  garden  soil 
add  1  liter  of  distilled  water.  Autoclave  at  a  presMire  of  15  Ibs.  for 

•'' I  am  iiidchii d  t,,  |'r,  iJVssnr  \V.  K.  Taylor  for  assistance  in  locating  and 
identifying  this  IMU.UII 


NUTRITION  OF  COPEPODS  AND  FOOD-CYCLE  OF  SEA 

30  minutes.  Decant  and  filter.  (Sterilize,  if  extract  is  not  used  im- 
mediately.) The  diatom  cultures  were  placed  in  a  north  window,  the 
flagellate  cultures  in  a  south  window  hut  shielded  from  direct  sunlight. 
\Yhen  heavily  inoculated,  a  good  growth  was  obtained  in  large  Pyrex 
Erlenmeyer  flasks  after  about  10  days. 

EXPERIMENTS  USING  DIATOMS  AND  GREEN  FLAGELLATES 

Preliminary  experiments  revealed  that  the  copepods  would  die  off 
rapidly  if  the  temperature  was  allowed  to  rise  above  20°  C.  or  if  the 
animals  were  overcrowded.  \Yhen  the  culture  water  was  not  changed, 
an  allowance  of  20  cc.  of  water  per  copepod  appeared  to  be  adequate 
provided  that  the  animals  did  not  tend  to  cluster  in  one  part  of  the 
culture  dish.  \\hen  provided  with  various  of  the  food  sources  already 
mentioned  (Duiutlielhi,  Chlamydomonas;  and  Cartcria  were  found  to  be 
equally  efficacious),  survival  in  the  cases  of  Centropages,  Acartla,  and 
Labidoccra  was  improved,  but  the  majority  of  the  animals  did  not  live 
for  more,  than  about  two  weeks.  In  most  of  the  cases  in  which  the 
flagellates  were  added  to  the  water,  green  material  could  be  seen  in  the 
intestines  of  the  copepods  and  many  excretory  casts  were  found  on  the 
bottom  of  the  containers.  Molted  shells  were  observed  only  rarely. 
Stirring,  aeration,  and  changing  the  culture  water — thus  avoiding  the 
accumulation  of  metabolites- — seemed  to  have  no  ameliorating  effect. 
However,  since  we  have  not  yet  developed  a  completely  successful 
method  of  keeping  copepods  alive  in  the  laboratory,  it  is  impossible  to 
decide  in  many  cases  what  the  precise  cause  of  the  death  of  the  animals 
was. 

In  the  case  of  Cahinns  finmarchicus  only  a  slight  improvement  in 
survival  was  found  to  result  from  the  addition  of  green  flagellates  and 
diatoms  to  the  culture  water  (Table  I).  The  copepods,  the  majority 
of  which  were  in  copepodicl  Stages  IV  or  V  when  taken,  were  ex- 
amined every  few  days  and  any  dead  animals  or  molted  shells  were 
removed  from  the  containers.  Two  specimens  lived  for  25  days  in 
water  to  which  nothing  had  been  added.  There  appears  to  be  no  con- 
sistent difference  in  the  effects  of  the  several  organisms  tried  as  sources 
of  food,  but  it  is  clear  that  more  animals  survived  and  more  molted  at 
12°  C.  than  at  15°  C. 

In  a  more  elaborate  experiment  with  Calanus  (Table  II)  it  was 
similarly  found  that  the  addition  of  Dunaliella  did  not  enable  a  sig- 
nificantly larger  proportion  of  the  copepods  to  survive.  However,  this 
treatment  resulted  in  a  definitely  increased  number  of  molted  shells. 
No  significant  difference  appears  to  exist  between  the  survival  in  sea 
water  taken  from  the  laboratory  tap  and  in  that  taken  directly  from  the 
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harbor.  Of  the  t\vo  temperatures,  the  lower  permitted  a  larger  propor- 
tion of  tin-  copepocls  to  survive  hut  about  the  same  total  number  of 
molted  shells  was  observed.  At  the  higher  temperature  growth  would 
preMiinuMv  be  more  rapid  and  hence  a  larger  number  of  molted  shells 
would  be  expected.  However,  since  the  period  of  ecdysis  is  known  to 
In-  a  critical  one  (cf.  Hagmeicr,  1'MO).  it  is  possible  that  an  increased 
rate  of  molting  resulted  in  more  deaths.  Fewer  animals  would  there- 

TABLE  II 

The  survival  of  Calanus  in  relation  to  the  type  of  sea  water  with  and  without 
the  addition  of  food  material.  Erlenmeyer  flasks  were  used  each  containing  5 
animals  in  300  cc.  water  including,  in  the  cases  indicated,  25  cc.  of  the  Dunaliella 
culture. 


Copepods  alive  after  the 

following  no.  of  days 

Total 

Source  and  treatment  of  water 

no.  of 

0 

s 

11 

17 

25 

Temperature  15°  C. 

Lab.  supply,  untreated,  plus  Ditnuliclln  .  .  . 

20 

18 

13 

12 

11 

8 

Lab.  supplv,  untreated,  no  food  added.  .  .  . 

5 

5 

3 

3 

3 

5 

Lab.  supply,  autoclaved,  plus  Dunaliella  .  .  . 

20 

19 

13 

10 

9 

11 

Harbor  water,  untreated,  plus  Dunaliella.  .  . 

20 

18 

15 

15 

15 

13 

Harbor  water,  untreated,  no  food  added  .  .  . 

5 

5 

3 

3 

3 

2 

Harbor  water  autoclaved,  plus  Dunaliella.  . 

15 

12 

11 

9 

5 

9 

Harbor  water  autoclaved,  no  food  added.  .  . 

5 

5 

4 

1 

0 

2 

Temperature  5-6°  C. 

Lab.  supply,  untreated,  plus  Dunaliella.  .  .  . 

20 

19 

19 

18 

16 

15 

Lab.  supplv,  untreated,  no  fin  id  added.  .  .  . 

5 

5 

5 

5 

5 

0 

Lab.  supply,  autoclaved,  plus  Dunaliella  .  .  . 

15 

13 

11 

10 

10 

7 

Lab.  supply,  autoclaved,  no  food  added.  .  .  . 

5 

5 

5 

2 

2 

1 

Harbor  water,  untreated,  plus  Dunaliella.  .  . 

20 

1') 

19 

18 

18 

19 

Harbor  water,  untreated,  no  food  added  .  .  . 

5 

5 

5 

5 

4 

1 

Harbor  water,  autoclaved,  plus  Dunaliella.. 

15 

13 

12 

10 

10 

ft 

1  In  bor  water,  autoclaved,  no  food  added 

5 

5 

4 

4 

4 

1 

I  "re  !"•  li  it  i"  produce  shells.  A  high  mortality  in  connection  with 
ecdysis  might  account  in  part  for  the  better  survival  of  the  copepods  at 
the  lower  temperature. 

In  tlii-  experiment  an  even  larger  proportion  of  the  Calanus  sur- 
vived when  no  food  material  was  added.  This  aroused  the  suspicion 
that  the  cnpepod>  were  feeding  on  microorganisms  or  other  material 
already  present  in  the  culture  water.  In  everv  case,  survival  was  better 
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in  untreated  water  than  in  autoclaved  water,  and  for  the  most  part 
more  shells  were  molted  in  the  former  medium.  Although  the  sterilized 
culture  water  became  contaminated  immediately  by  bacteria  introduced 
with  the  living  copepods,  the  untreated  water  would  presumably  con- 
tain a  richer  supply  of  microorganisms.  If  the  copepods  could  be 
shown  to  be  able  to  derive  nourishment  from  these  organisms,  the 
better  survival  in  the  untreated  water  would  be  explained.  The  possi- 
bility existed  that  in  all  of  the  experiments  the  green  flagellates  and 
diatoms  were  not  being  assimilated  at  all,  or  only  to  a  slight  extent, 
and  that  the  ameliorating  effect  of  adding  these  materials  was  due  to 

TABLE  III 

The  survival  of  Calanus  in  relation  to  the  presence  of  microorganisms. 

Crystallizing  dishes  with  2  animals  in  each  were  used  for  the  first  and  third  sets 
of  tests,  Erlenmeyer  flasks  with  5  animals  in  each  were  used  for  the  second  set. 
Temperature  5-6°  C. 

T,  Original  no.  of  Copepods  alive  after 

Treatment  of  water  (Harbor  water)  copepods  1  month 

Berkefeld  filtered 50  22 

plus  Nitzschia 47 

Untreated 50  39 

Untreated 15  9 

Filtered  through  paper 15  9 

Berkefeld  filtered...  15  0 

Berkefeld  filtered  plus  Nitzschia 15 

Berkefeld  filtered..                                      ...   40  Of 

plus  bacteria* 36  9| 

*  Culture  of  common  forms  taken  from  Woods  Hole  harbor  and  grown  on  agar 
slants  kindly  supplied  by  Dr.  C.  L.  Carey. 
t  After  three  weeks. 

the  bacteria  or  other  organisms  which  are  present  in  "  persistent  "  cul- 
tures (Waksman  et  al.,  1933)  and  which  might  be  used  by  the  copepods 
as  a  source  of  food. 

EXPERIMENTS  USING  MICROORGANISMS 

To  investigate  the  possibility  that  the  copepods  could  derive  nourish- 
ment from  bacteria,  three  sets  of  tests  were  run  in  which  the  participate 
matter  was  removed  by  passing  the  water  through  a  Berkefeld  filter 
(Table  III).  In  the  first  set  of  tests  less  than  half  the  Calanus  in  the 
Berkefeld-filtered  water  survived  and  in  the  other  tests  all  succumbed. 
In  the  untreated  water  a  definitely  larger  proportion  of  copepods  was 
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alive  at  the  end  of  one  month.  The  addition  of  XitzscJiia  did  nut  im- 
prove the  survival,  and  in  the  first  test  it  was  attended  by  a  very  high 
mortality,  although  the  reason  for  this  is  not  known.  Passing  the  water 
through  a  paper  filter  evidently  did  not  remove  material  necessary  for 
the  copepods,  since  the  survival  under  these  circumstances  was  no  poorer 
than  in  the  case  of  the  untreated  water.  Finally,  when  bacteria  were 
added  to  the  Berkefeld  filtered  water,  the  mortality  was  not  as  great  as 
it  was  in  the  control  experiment  without  the  bacteria. 

Although  the  results  of  these  experiments  seem  to  support  the  sug- 
gestion that  the  copepods  were  depending  more  on  minute  organisms 
than  on  the  larger  diatoms  and  green  flagellates  for  food,  their  empirical 
nature  renders  them  far  from  conclusive.  The  complete  flora  of  the 
culture  dishes  is  not  known,  nor  were  its  changes  followed  during  the 
course  of  the  experiment.  Furthermore,  the  length  of  time  that  Culunns 
can  live  without  any  food  is  in  doubt  because  even  the  Berkefeld-filtered 
water  was  contaminated  as  -"on  as  non-sterile  copepods  were  placed  in 
it. 

Since  no  method  for  sterilixing  copepods  has  yet  been  devised  to 
our  knowledge  (cf.  Bond.  1933),  tin-  interference  from  extraneous  bac- 
teria was  minimized  by  causing  fresh  culture  media  to  How  continuously 
through  the  flasks  within  which  the  copepods  were  confined — a  scheme 
resorted  to  previously  for  a  similar  purpose  (Gellis  and  Clarke.  1935). 
A  continuous  flow  was  provided  by  running  the  culture  water  through 
glass  tubes  from  carboys  placed  on  a  shelf  through  submerged  cooling 
coils  to  500  cc.  F.rlenmeyer  flasks  set  in  the  constant  temperature  tank 
(15°  C.).  Each  flask  was  fitted  with  a  two-hole  rubber  stopper  through 
which  inflow  and  outflow  tubes  passed.  The  end  of  the  outflow  tube 
within  the  flask  was  covered  with  netting  of  bolting  silk  and  its  level 
adjusted  so  that  400  cc.  of  liquid  remained  in  the  flask.  The  rate  of 
flow  was  kept  constant  by  arranging  the  carboys  as  "  Mariotte's  Bottles  " 
(McCarthy.  1934)  and  the  flow  was  suitably  regulated  by  stopcocks  to 
allow  the  entire  contents  of  each  carboy  (22  liters)  to  pass  through  the 
flask  connected  with  it  in  24  hours. 

In  the  first  experiment  sea  water  from  the  laboratory  tap  was  passed 
through  \Yhatman  Xo.  12  filter  paper  and  placed  directly  in  Carboy  A. 
The  water  for  Carboy  B,  after  being  filtered  through  paper,  was  passed 
through  the  Berkefeld  filter  to  remove  the  participate  matter.  Although 
small  quantitie-  of  water  may  be  rendered  absolutely  sterile  by  llcrkcfeld 
filtering,  complete  removal  of  bacteria  is  not  to  be  expected  when  large 
amounts  of  water  are  required.  However,  the  existence  of  a  significant 
difference  in  the  numbers  of  bacteria  present  in  the  two  containers  was 
indicated  by  a  bacterial  count  (using  agar  plates  with  suitable  dilutions) 
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made  12  hours  after  the  carboys  had  been  filled.  Carboy  A  was  found 
to  contain  680,000  bacteria ,/cc.  and  Carboy  B,  120,000/cc. 

Twenty  specimens  of  Calanus  finmarchicus  were  placed  in  each  flask. 
After  20  days  a  total  of  8  dead  animals  and  5  molted  shells  had  been  re- 
moved from  Flask  ./  (paper-filtered  water).  From  Flask  B  (Berke- 
feld  filtered  water)  12  dead  animals  and  no  molted  shells  had  been  re- 
moved. In  Flask  A  11  copepods  were  still  alive  (one  animal  missing), 
whereas  in  Flask  B  only  2  copepods  had  survived  (6  missing).  It  is 
clear,  therefore,  that  in  the  Berkef eld-filtered  water  more  animals  were 
known  to  have  died,  many  fewer  were  found  still  alive,  and  none  had 
molted. 

These  results  so  strongly  supported  the  idea  that  the  copepods  de- 
rived an  important  part  of  their  nourishment  from  minute  organisms 
that  a  second  experiment  using  flowing  water  and  designed  to  provide 
much  greater  differences  in  the  numbers  of  bacteria  present  was  imme- 
diately undertaken.  To  obtain  a  culture  medium  more  nearly  com- 
pletely devoid  of  participate  matter,  a  more  effective  method  of  remov- 
ing the  bacteria  was  required.  Resort  was  therefore  made  to  a  Zsig- 
mondy  ultra-filtration  apparatus,  using  membrane  filters  of  the  "  fine  " 
type  (average  pore  size  about  one  micron  to  fifty  millimicrons ;  said  to 
remove  "positively  all  germs  and  bacteria"  and  "the  finer  colloids"). 
Harbor  water  was  collected  from  the  Laboratory  float  and  passed 
through  Whatman  No.  12  filter  paper,  then  through  the  Berkef  eld  filter, 
and  finally  through  the  membrane  filter.  After  this  process,  which  re- 
quired 6  hours  or  more,  the  water  was  placed  in  one  of  the  three  carboys 
used  in  this  experiment  (Carboy  No.  3,  Table  IV).  Into  another  of 
these  carboys  (Carboy  No.  1)  was  put  harbor  water  which  had  been 
passed  through  filter  paper  only  and  thus  contained  its  original  popula- 
tion of  bacteria  unaltered.  An  attempt  was  made  to  compare  with  this 
"  normal  "  water  not  only  water  from  which  the  bacteria  had  been  re- 
moved but  also  water  in  which  the  number  of  bacteria  was  augmented. 
Dr.  S.  A.  Waksman  had  found  that  if  sea  water  was  brought  into  the 
laboratory  and  left  standing  in  the  dark  at  room  temperature,  the  number 
of  bacteria  increased  enormously,  reaching  a  maximum  after  3  days. 
Accordingly,  in  the  remaining  carboy  (Carboy  No.  2)  was  placed  harbor 
water  which  had  been  passed  through  filter  paper  and  then  allowed  to 
stand  for  3  days  (or  2  days,  see  below). 

A  24-hour  supply  of  the  3  types  of  culture  media  was  prepared  every 
day,  and  just  before  use,  cotton-filtered  air  was  drawn  through  each  for 
half  an  hour  to  insure  the  presence  of  sufficient  oxygen.  In  this  experi- 
ment two  flasks  were  connected  to  each  carboy ;  the  tests  were  thus  run 
in  duplicate.  The  ends  of  both  the  inflow  and  the  outflow  of  every 
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flask  were  covered  by  netting,  thus  precluding  the  possibility  of  the 
animals  escaping  up  the  tubes.  As  a  control,  a  fourth  pair  of  flasks 
was  set  up  which  was  not  provided  with  flowing  water.  The  paper- 
fdtered  harbor  water  placed  in  these  remained  unchanged  throughout 
the  experiment.  Each  of  the  8  flasks  contained  20  Cohinus  in  300  cc. 
of  writer.  All  were  examined  every  day  and  any  dead  animals  and 
molted  shells  were  removed. 

At  the  end  of  14  days  it  was  found  that  the  copepods  in  the  (lowing, 
paper-filtered  water  (Flasks  \A  and  B,  Table  IV)  had  fared  the  best, 
a  total  of  35  specimen-  being  still  alive,  and  32  shells  having  been  molted. 
The  next  best  survival  occurred  in  the  controls  (Flasks  4A  and  B),  in 
which  the  water  remained  unchanged,  with  33  copepods  alive  and  20 

TABLE  IV 

The  survival  of  Calanus  in  flowing  water  in  relation  to  the  abundance  of  bacteria. 
Twenty  copepods  per  flask.     Temperature:  12°  C.     Results  at  the  end  of  14  days. 
Roman  numerals  refer  to  the  copepodid  stages  of  Calanus. 


Flask 

Culture  water 

Total  dead 

Total  molts 

Alive 

\A 
\B 

Paper  filtered 

1  Cent.,*  1  Lab. 
1  Cent.,  2V 

10  V,  5  IV 
12  V,  5  IV 

2d",    99,6V 
Orf1,  129,6V 

=  17 

=  18 

2A 
2B 

Paper  filtered,  al- 
lowed to  stand 

Icf,  1  V 
1  Cent.  ,3V,  1  IV 

8V,  1IV 
3V,  3  IV 

Ocf,    89,8V, 
Orf1,    49,6V, 

1  IV  =  17 

1  IV=11 

\A 
3B 

Membrane  filtered 

8  V,  4  IV 
1  9,  13V,  1  IV 

0 
0 

Od\    29,5V 
0 

=   7 
=   0 

1.1 
45 

Paper  filtered,  water 
unchanged 

1  Cent.,  1  V 
3V 

5V,  4  IV 
7V,4IV 

Ocf,    89.9V 
2<?,    99,5V 

=  17 
=  16 

*  Four  Centropages  and  one  Labidocera  were  found  to  have  been  introduced  by 
mistake.     They  were  all  among  the  fu  si  to  die. 

molted  shells.  In  the  paper-filtered  water  which  had  been  allowed  to 
stand  (Flasks  2.1  and  B)  28  animals  were  alive  and  15  molts  bad  oc- 
curred. Survival  in  the  membrane-filtered  water  (Flasks  3. •/  and  />  ) 
was  decidedly  inferior,  only  7  animals  being  alive  and  no  molts  occur- 
ring. In  five  cases  the  dead  and  living  animals  totaled  only  19  and  in 
one  case  they  totaled  21.  These  discrepancies  may  be  due  to  errors  in 
o  iimting  when  the  copepods  were  first  placed  in  the  flasks.  Km  4  ani- 
mal- were  mi-sing  from  Flask  2B  and  5  animals  from  Flask  37-?.  and  in 
the  prevails  experiment  6  animals  from  Flask  />'  were  unaccounted  for. 
Since  in  the  last  two  eases  the  culture  water  was  supposedly  deficient  in 
food,  the  po-^ibility  suggests  itself  that  the  missing  animals  were  de- 
voured by  the  others  (cf,  I  .ebour,  1922).  On  one  occasion  a  copcpocl 
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which  had  been  alive  on  the  previous  day  was  found  in  a  half  demolished 
condition. 

Through  the  kind  assistance  of  Dr.  C.  L.  Carey  it  was  possible  to 
make  bacterial  counts  of  the  culture  media  at  three  times  during  the 
course  of  this  experiment.  On  the  first  day  after  the  beginning  of  the 
experiment  the  following  numbers  of  bacteria  were  found: 

Flask  IA   580,000  bacteria/cc. 

Flask  2A  130,000 

Flask  3A   6,000 

Carboy  3  140 

Flask  4A  210,000 

This  count  showed  that  a  very  pronounced  difference  existed  in  the 
sizes  of  the  bacterial  populations  in  Flasks  \A  and  3A,  but  contrary  to 
expectation  there  were  fewer  bacteria  in  Flask  2A  than  in  Flask  \A. 
A  more  elaborate  count  was  therefore  made  on  the  fifth  day : 


/ 
Carboy 

Days 

after 
collecting 

Bacteria  per  cc. 

Flask 

Bacteria 

\. 

0 

6,000 

\A 

88  000 

2  

4 

9,000 

2A 

28  000 

2  a 

3 

1  000 

2&. 

2 

45  000 

2c. 

1 

14000 

3  

1 

8,000 

3A 

220,000 

The  maximum  number  of  bacteria  in  the  standing  carboys  was  evidently 
reached  after  2  days  instead  of  after  3  days.  The  procedure  of  the 
experiment  was  altered  accordingly,  and  beginning  on  the  seventh  day, 
Carboy  No.  2  was  allowed  to  stand  only  2  days.  Furthermore,  the 
populations  in  Flasks  I A  and  2  A  are  very  much  smaller  than  they  were 
on  the  first  day,  and  the  population  in  Flask  3A  has  become  enormously 
increased.  In  all  three  flasks  the  numbers  of  bacteria  were  much 
greater  than  in  the  corresponding  carboys  which  were  supplying  them. 
The  explanation  for  this  is  not  known.  Evidently  the  flora  is  subject 
to  violent  and  rapid  fluctuations,  and  in  any  future  attempt  to  study  the 
precise  relationships  between  bacteria  and  copepods  it  will  be  necessary 
to  follow  these  changes  much  more  closely  than  was  possible  in  the 
present  case. 

The  extremely  large  number  of  bacteria  found  on  this  occasion  in 
Flask  3A,  which  was  supposed  to  be  devoid  of  participate  matter, 
aroused  the  suspicion  that  the  filtering  process  was  faulty.  The  follow- 
ing counts  were  therefore  made  on  the  seventh  day. 
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Carboy  3  immediately  after  filtering   9  bacteria/cc. 

aerating     7 

"       "  17  hours  after  starting  flow  (1  cc.  direct)    88 

"     starting  flow    (10-1  dil. )    530 

-k3J    "  "      starting  flow   (10-1  dil.)    890 

These  results  indicate  that  the  use  of  membrane  filters  is  as  effective  in 
removing  the  bacteria  as  could  be  expected  for  such  large  volumes  of 
water.  In  addition,  it  seems  probable  that  the  large  population  appar- 
ently present  in  Flask  3J  on  the  fifth  day  was  exceptional,  and  that 
taking  the  whole  period  of  the  experiment,  the  cnpepods  in  this  flask- 
were  provided  with  a  decidedly  smaller  number  of  bacteria  than  those 
in  the  other  flasks. 

There  is  no  question  but  that  the  copepods  in  Flasks  \A  and  7?  were 
thriving  throughout  the  course  of  the  experiment  and  that  those  in 
Flasks  3.-J  and  B  were  suffering  adverse  conditions.  Little  can  be  con- 
cluded regarding  the  copepods  in  Flasks  2A  and  />'  because  of  the  un- 
certainty as  to  the  numbers  of  bacteria  present.  It  may  be  significant. 
however,  that  all  but  two  of  the  molts  which  occurred  in  these  flasks 
took  place  after  the  seventh  day — when  the  period  for  which  the  water 
was  allowed  to  stand  was  changed  from  3  days  to  2  days.  Good  sur- 
vival and  a  relatively  large  number  of  molts  were  found  in  the  control 
flasks  (4J  and  />'  )  although  40  animals  would  have  been  expected  to 
have  consumed  all  the  food  material  present  in  a  very  tew  days.  The 
bacteria  originally  in  the  culture  water  undoubtedly  could  multiply 
faster  than  the  copepods  would  eat  them  provided  that  sufficient  nu- 
trient substances  for  the  bacteria  were  present.  Although  in  plain  sea 
water  the  nutrients  would  be  largely  exhausted  in  three  or  four  days, 
it  is  possible  that  the  material  excreted  by  the  copepods  served  as  a 
supplementary  source  of  nourishment  for  the  bacteria  and  permitted  a 
sizable  flora  to  maintain  itself  for  the  fourteen  days  of  the  experiment. 

If  the  foregoing  interpretation  is  accepted,  the  experiment  ap- 
pears definitely  to  point  to  the  dependence  of  the  (\tldiiits  on  bacteria 
or  other  microorganisms.  I'.ut  a  possible  alternative  explanation  of  the 
whole  experiment  should  be  considered,  namely,  that  none  ot  the  cope- 
pods  were  feeding  to  any  significant  extent  and  that  the  differences  in 
the  three  tests  were  due  to  other  factors  than  the  nutritional.  Several 
investigators  have  suggested  that  at  certain  times  under  natural  condi- 
tions copepods  may  live  for  long  periods  of  time  with  a  greatly  reduced 
diet  (cf.  Campbell,  1934;  Marshall,  1924).  In  the  present  experiment 
the  elaborate  filtering  process  used  for  Masks  3.  /  and  />'  might  con- 
ceivably have  rendered  the  culture  water  harmful  in  some  respect,  and 
the  period  of  standing  employed  in  the  case  of  the  water  for  Flasks 
2.1  and  />  might  have  allowed  lethal  bacteria  to  multiply  unduly.  The 
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slight  improvement  of  Flasks  \.l  and  />'  over  Masks  4.4  and  B  could 
be  explained  on  the  basis  of  a  better  supply  of  oxygen  and  removal  of 
metabolites  in  the  flasks  with  flowing  water.  However,  the  difference 
between  these  two  sets  of  flasks  is  very  slight  in  respect  to  survival,  but 
in  number  of  molts,  the  former  set  is  superior  by  50  per  cent;  and  in 
the  other  cases  longer  survival  is  correlated  with  a  greater  amount  of 
molting.  Although  it  is  possible  that  stored  oil  could  be  entirely  de- 
pended upon  for  the  production  of  new  shells,  the  growth  entailed  in 
the  process  would  seem  to  presuppose  the  taking  in  of  a  considerable 
quantity  of  nutriment. 

Everything  considered,  the  interpretation  of  the  experiment  on  the 
nutritional  basis  seems  the  more  probable  one.  According  to  this,  the 
copepods  were  living  and  growing  on  bacteria  or  other  food  material 
small  enough  to  pass  through  the  pores  of  the  paper  filter,  and  when 
this  particulate  matter  was  removed,  the  animals  failed  to  grow  and 
died  off  rapidly. 

DISCUSSION 

Since  the  time  of  Lohmann  it  has  been  known  that  the  nannoplankton 
constitutes  a  large  potential  source  of  food  in  the  sea,  but  little  has  been 
done  to  show  whether  this  is  actually  used  by  the  zooplankton  (cf. 
Bond,  1933).  The  foregoing  experiments  are  by  no  means  conclusive, 
but  if,  as  they  indicate,  copepods  in  nature  feed  to  any  significant  extent 
upon  material  as  minute  as  bacteria,  a  knowledge  of  the  precise  organ- 
isms and  relationships  involved  will  be  necessary  for  an  understanding 
of  this  part  of  the  food-cycle  of  the  sea.  Besides  the  bacteria,  of 
which  there  are  many  types  in  the  sea,  other  kinds  of  particulate  matter 

—both  living  and  non-living — should  be  scrutinized  as  possible  food 
sources.  A  fresh-water  entomostracan,  Daphnia,  has  been  shown  to  be 
able  to  derive  a  certain  amount  of  nourishment  from  material  present 
in  colloidal  form  (Gellis  and  Clarke,  1935).  Colloidal  material  un- 
doubtedly exists  in  sea  water,  but  little  or  nothing  is  known  of  its 
abundance  or  availability.  Dr.  J.  B.  Lackey,  who  was  conducting  a 
survey  of  the  Protista  of  Woods  Hole  Harbor  at  the  time  that  these 
experiments  on  Calaiuts  were  in  progress,  has  very  kindly  informed  me 
that  of  the  organisms,  other  than  bacteria,  present  in  the  harbor  water 
which  would  pass  in  any  significant  number  through  Whatman  No.  12 
filter  paper,  the  following  were  the  most  numerous:  the  spermatozoa 
of  fish  and  of  invertebrates,  the  gametes  or  swarm  spores  of  algae, 
flagellate  Protozoa,  and  unidentified  algal  cells  2-5  /*,  in  diameter.  Of 
these  the  flagellate  Protozoa  would  constitute  the  largest  bulk  of  food 
material. 
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The  majority  of  the  diatoms — at  least  the  larger  ones — was  pre- 
sumably rcni'ivcd  by  the  filter  paper;  hut  diatoms  and  all  other  larger 
organisms  may  be  important  as  a  food  source  when  broken  into  frag- 
ments during  the  course  of  their  disintegration  after  death.  Further- 
m»rr.  after  the  bodies  of  dead  plants  and  animals  have  passed  finally  into 
Dilution,  their  substance  serves  as  nutriment  for  countless  bacteria. 
Larger  organisms  may  thus  indirectly  furnish  nourishment  for  the 
copepods.  The  excretions  of  living  organisms  possibly  also  support  a 
useful  population  of  bacteria.  There  is  some  evidence  that  part  of  the 
material  synthesized  by  diatoms  dissolves  out  of  the-  living  cells  into 
the  surrounding  water  (Putter.  1924;  Gran,  1927;  Marshall  and  Orr. 
1930;  and  Krogh.  Lange,  and  Smith.  1930).  \Yaksman  et  al.  (1933) 
found  that  in  the  ( lulf  of  Maine  many  more  bacteria  existed  in  associa- 
tion with  the  zooplankton  and  the  phytoplankton  than  in  the  free  water. 
They  state : 

'  A  decided  parallelism  was  observed  between  the  abundance  of 
diatoms  in  the  sea  and  abundance  of  bacteria.  .  .  .  These  results  seem 
to  point  definitely  to  the  fact  that  the  development  of  phytoplankton  in 
the  sea  is  accompanied  closely  by  bacterial  development.  The  bacteria 
feed  upon  the  excretion  products  of  the  diatoms,  algae,  and  animal 
forms  and  probably  upon  these  plankton  forms  themselves  as  soon  as 
they  die.  .  .  ."  The  explanation  of  those  cases  in  which  a  correlation 
is  claimed  between  the  abundance  of  copepods  and  of  diatoms  may 
possibly  be  that  the  copepods  depend  for  their  nourishment  upon  the 
diatoms  indirectly  through  the  bacteria. 

S  i  •  M  M  A  K  Y 

1.  The  importance  of   copepods  in   the  economy  of   the  sea  and  the 
inconclusive  and  contradictory  nature  of  previous  observations  on  their 
food  make  it  desirable  to  investigate  the  nutrition  of  these  animals  in 
a    thorough   manner.      For    this    purpose    and    in    order    to    develop    a 
satisfactory  method   of   culturing   copepods   in    the1   laboratory    so   that 
ibi-ir  physiology  might  be  studied  under  carefully  controlled  conditions, 
feeding  experiments  were   undertaken   using  Centropages,   Labidoccra, 
.  Ictirtiti,  and  particularly  Culanns. 

2.  Small    containers   without    stirrers   appeared    to   be    suitable    pro- 
vided   that    over-crowding    was   avoided    and    a    low    temperature    main- 
tained,    'fhe  materials  which  were  tested  as  possible  sources  of   food 
imluded   thr  organisms  present   in   the  harbor  water  and   "persistent' 
cultures  of  certain  diatoms  and  green  flagellates. 

3.  Although  the  survival  of  the  first  three  copepods  mentioned  was 
prolonged   by   the   addition    of    the   diatoms   and   green    flagellates,   the 
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majority  died  off  after  about  t\vo  weeks.  In  the  case  of  Calamis  only 
a  slight  improvement  resulted  from  this  treatment  and  a  large  propor- 
tion survived  when  no  food  organisms  were  added. 

4.  Further  experiments  revealed  that  the  sterilization  of  the  culture 
water  and  the  removal  of  participate  matter  from  it  was  accompanied 
by  a  high  mortality  of  Cahinnx  and  that  the  addition  of  bacteria  to  the 
water  resulted  in  improved  survival.     To  test  the  possibility  that  the 
copepods  were  utilizing  the  smaller  types  of  microorganisms  for  food, 
the  growth  of  bacteria,  etc.  was  minimized  by  passing  membrane-filtered 
water  continuously  through  flasks  in  which  certain  of  the  copepods  were 
confined.     These  copepods  failed  to  molt  and  died  off  rapidly,  whereas 
those  in  flasks  through  which  paper-filtered  water  flowed  remained  alive 
and  molted  in  large  numbers. 

5.  These  experiments  therefore  indicate  that  bacteria  and  other  con- 
stituents of  the  nannoplankton  may  be  an  important  food  for  copepods 
in  the  sea.     Diatoms  and  other  larger  organisms  may  possibly  serve  as 
a  source7  of  nourishment  indirectly  through  the  bacteria,  etc.,  which  feed 
upon  them  and  their  excretions. 

The  authors  wish  to  thank  Dr.  S.  A.  Waksman,  Dr.  C.  L.  Carey, 
and  other  members  of  the  bacteriological  laboratory  at  the  Woods  Hole 
Oceanographic  Institution  for  valuable  advice  and  assistance  and  the 
loan  of  apparatus.  The  authors  are  indebted  for  technical  assistance 
to  Mr.  Charles  Wheeler  and  to  Mr.  Sidney  Cobb. 
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FURTHER  EVIDENCE  OF  A  DIURNAL  RHYTHM  IN  THE 
MOVEMENT  OF  PIGMENT  CELLS  IN  EYES 
OF  CRUSTACEANS 

JOHN  H.  WELSH 

(Prom  the  Bermuda  Biological  Station  for  Research  and  the  Biological 
Laboratories,   Harvard   I  University) 

Diurnal  rhythms  which  persist  under  constant  environmental  condi- 
tions have  long  interested  biologists  and  although  numerous  instances 
of 'such  are  now  known  we  still  lack  definite  information  regarding  the 
internal  processes  which  are  involved  in  such  rhythms.  Among  the 
many  daily  changes  in  activities  of  animals,  some  of  which  have  been 
previously  mentioned  by  the  author  (Welsh,  1930),  the  movements  of 
the  pigment  cells  in  arthropod  eyes  would  appear  to  be  quite  satisfactory 
for  studying  the  physiological  mechanism  underlying  persisting  diurnal 
rhythms.  Kiesel  (1894)  and  Demoll  (1911)  were  the  first  to  observe 
a  daily  rhythm  in  the  "  glow  "  of  the  eyes  of  certain  moths  when  these 
were  kept  in  constant  darkness.  Welsh  (1930)  first  reported  a  daily 
rhythm  in  the  crustacean  eye.  This  was  in  two  species  of  Macro- 
brachiinn,  fresh  water  shrimp,  which  were  studied  in  Cuba.  In  these 
forms,  when  kept  under  constant  illumination,  the  distal  pigment  cells 
of  the  eye  assume  the  position  characteristic  for  the  dark  at  the  time 
of  sunset  and  do  not  return  to  the  light  position  until  sunrise  the  fol- 
lowing morning.  A  daily  variation  in  the  position  of  the  proximal 
pigment  of  the  eye  of  Cambarus,  when  this  form  is  kept  in  constant 
darkness,  has  been  reported  by  Bennitt  (1932).  Various  suggestions 
have  been  offered  to  explain  the  persistence  of  such  rhythms  but  none 
of  them  are  supported  by  adequate  experimental  data.  The  rich  crus- 
tacean fauna  of  Bermuda  should  offer  material  for  such  studies  and  the 
purpose  of  the  present  paper  is  to  show  that  persisting  diurnal  rhythms 
do  exist  in  several  Bermuda  shrimp  and  prawn  eyes  and  in  all  of  the 
three  sets  of  pigment  cells  found  in  the  eyes  of  such  forms. 

If  daily  variations  in  the  position  of  pigment  cells  in  the  eye 
occur,  and  if  they  continue  under  constant  environmental  conditions, 
they  may  be  best  detected  by  keeping  animals  in  constant  light  or  dark- 
ness and  killing  and  fixing  some  during  daylight  hours  and  others 
during  the  night.  Subsequent  comparison  of  sections  of  such  eyes 
would  then  show  the  condition  of  both  light-adapted  and  dark-adapted 
eyes  as  they  appear  during  the  day  or  night.  Such  a  procedure  was 
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used  in  a  search  fur  rhythms  in  eye  pigment  in  Bermuda  shrimp  and 
prawn  and  the  condition  in  the  eyes  of  four  species,  representative  of 
those  -tudied.  follows.  The  species  to  be  described  were  selected  as 
representing  three  families  and  at  the  same  time  including  species  which 
are  active  only  at  night  and  others  which  are  most  active  during  the 
daytime.  They  are  all  forms  which  are  easily  obtained  in  abundance 
and  therefore  satisfactory  for  experimental  work. 

In  preparing  material  for  study,  animals  were  light-adapted  or 
dark-adapted  for  several  hours  and  then  fixed  in  hot  water,  some  during 
the  day  and  others  at  night.  The  head  bearing  the  eyes  was  then  cut 
off  and  placed  in  70  per  cent  alcohol.  At  least  three  eyes  fixed  under 
each  of  the  four  conditions  were  then  sectioned  and  studied  and  the 
typical  condition  is  shown  in  Plate  I.  The  single  ommatidia  are  scale 
drawings  adapted  from  camera  lucida  sketches  and  in  each  ommatidium 
the  positions  of  the  distal,  proximal,  and  accessory  pigments  are  shown. 
For  general  information  regarding  the  movement  of  retinal  pigment 
one  may  refer  to  the  excellent  review  by  Parker  (1932).  It  may  be 
well  to  mention  here,  however,  that  all  three  sets  of  pigment  are  in- 
volved in  controlling  the  amount  of  light  which  reaches  the  rhabdomes 
or  image  receptors.  Typically,  in  the  light  condition  during  the  day, 
the  distal  pigment  cells  rest  on  top  of  the  retinular  cells,  the  proximal 
pigment  surrounds  the  rhabdomes,  and  the  accessory  or  reflecting  pig- 
ment is  beneath  the  basement  membrane.  Fig.  B  in  each  series  shows 
this  condition.  The  normal  dark  condition  as  seen  at  night  is  shown 
in  Fig.  C  of  each  series.  In  this  condition  the  distal  pigment  cells 
move  out  along  the  cones,  the  proximal  pigment  migrates  below  the 
basement  membrane,  and  the  reflecting  (white)  pigment  moves  up  to 
form  a  screen  back  of  the  rhabdomes.  This  situation  permits  the 
maximum  amount  of  light  to  enter  the  sensitive  elements. 

Any  variation  in  the  position  of  the  pigment  in  eyes  of  light-adapted 
animals  fixed  at  night  (Fig.  A)  or  of  dark-adapted  animals  killed  dur- 
ing the  daytime  (Fig.  />)  would  indicate  some  internal  control  other 
ilian  that  resulting  from  the  direct  stimulation  of  the  eye  by  light  or 

Explanation  of   Plate  T 

1.  Ommatidia  of  eyes  of  I.alrciitcs  fiicontm  (X  100)  showing  posi- 
tions ,,\  dist.-il.  proximal,  and  reflecting  pigment  of  (A)  light-adapted  animals 
killed  at  ni.nht :  (li)  light-adapted  animals  killed  during  day;  (C)  dark-adapted 
animals  killed  during  night;  (D)  dark-adapted  animals  killed  during  day. 

Serit  -   J.     (  hnmatidia  of  eyes  of  Lcandcr  tcnuicornis  as  in  Series  1,  (X  50). 
Series  .\     Omin.ttidi.t  <>f  eyes  of  Lcandcr  tiffin-is  as  in  Series  1,  (X  50). 
Series  -1.     <  immatidia  of  I'cnacopsis  goodci  as  in  Series  1,   (X  50). 

/'       distal  pigment. 
/'   -  proximal   pigment. 
A'   =  reflecting  pigment. 
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the  lack  of  such  a  stimulus.  In  each  series  some  such  variations  may 
be  seen  and  these  variations  will  be  pointed  out  in  the  consideration  of 
each  separate  species. 

Latrcntcs  fucormii   (Fabr.)   Stebbing 

Family:  Hippolyticlae.     "  Gulf  -weed  Shrimp." 

This  species  is  found  on  Sargassum  weed  in  large  numbers  where 
it  is  associated  with  the  other  very  characteristic  fauna  of  the  gulf- 
weed.  It  is  well  protected  by  its  color  resemblance  to  the  weed  and  its 
tendency  to  remain  quiescent  during  the  day.  Its  exposure  to  fairly 
brilliant  illumination  during  the  day  necessitates  a  mechanism  in  the 
eye  to  care  for  a  wide  range  of  light  intensities. 

\Yhen  the  eyes  of  this  form  are  studied,  the  most  striking  rhythm  is 
seen  in  the  reflecting  or  accessory  pigment  (Figs.  A-D,  Series  1).  If 
we  compare  the  ommatidia  from  "night-light"  eyes  with  those  from 
"  day-light  "  eyes,  it  is  seen  that  during  the  night,  even  though  the 
animals  are  subjected  to  illumination,  the  reflecting  pigment  still  re- 
mains above  the  basement  membrane.  Slight  variations  from  normal 
dark  and  light  conditions  may  also  be  seen  in  the  positions  of  the  distal 
and  proximal  pigment. 


(Say  ) 

Family:  Palaemonidac.     "Common  Gulf-weed  Shrimp." 

The  habits  and  habitat  of   tin's    form  are  like  those  of   Latrcntcs. 

Similarly  the  most  striking  rhythm  is  in  the  reflecting  pigment   (Figs. 

A-D,  Series  2).     This  is  of  some  interest  as  Lcandcr  and  Latreutes 

belong  to  different  families. 

Lcandcr  affinis  (Milne-Edwards) 

Family:  Palaemonidae.       'Transparent   Shrimp." 

This  species  of  Lcandcr  differs  considerably  from  L.  tenuicornis  in 
its  habits.  It  H  active  rhielly  during  the  daytime,  when  it  is  found  in 
-'hools  close  to  the  shore.  It  is  well  protected  by  its  relative  trans- 
parency, which  renders  it  difficult  to  see.  Light  and  dark-adapted 
ommatidia  from  eyes  fixed  during  the  day  and  during  the  night  are 

11  in  Figs.  A-D,  Series  3.  A  definite  rhythm  in  the  movements  of 
the  reflecting  pigment  and  a  partial  migration  of  the  distal  pigment 

nr  daily  whether  the  animals  are  kept  in  constant  light  or  darkness. 

I'cnacopsis  (joodci  (Smith) 

Family  :    I  VnaeMae. 

The  habits  of  thi-  -pecies  of  prawn  were  probably  observed  tor  the 
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first  time  while  this  study  was  being  made.  They  are  of  sufficient 
interest  to  recount  briefly.  P.  c/oodci  is  a  distinctly  nocturnal  form 
found  swimming  at  the  surface  in  the  late  evening  between  8 :30  and 
10:30  P.M.  It  can  easily  be  seen  by  the  brilliant  reflection  of  light 
from  the  eyes  when  a  search-light  is  played  over  the  surface  of  the 
water.  During  the  day  this  prawn  is  found  buried  in  the  sand.  Speci- 
mens were  obtained  on  two  occasions  when  dredging  for  other  sand- 
dwelling  forms. 

Besides  a  very  definite  daily  periodicity  in  activity  this  form  is  also 
found  swimming  at  the  surface  in  largest  numbers  at  the  dark  of  the 
moon,  so  that  it  may  be  said  to  exhibit  a  lunar  periodicity  as  well.  The 
observations  made  during  the  course  of  this  work  have  since  been 
further  substantiated  by  observations  made  by  Dr.  J.  F.  G.  Wheeler, 
Director  of  the  Bermuda  Station. 

When  the  eyes  of  Penaeopsis  are  examined  (Figs.  A-D,  Series  4), 
it  is  seen  that  the  distal  pigment  cells  fail  to  show  any  movement.  They 
remain  in  a  fixed  position  around  the  distal  portion  of  the  cones.  Like- 
wise the  reflecting  pigment  maintains  the  same  position  in  the  light  or 
in  the  dark.  The  only  movement  which  occurs  is  in  the  proximal  pig- 
ment, which  migrates  below  the  basement  membrane  when  animals  are 
dark-adapted  during  the  night.  During  the  daytime,  however,  even 
though  the  animals  are  kept  in  the  dark  the  proximal  pigment  returns 
to  the  retinular  cells,  which  is  the  normal  light  position.  The  only 
rhythm  in  this  form,  therefore,  is  that  of  the  proximal  pigment,  when 
animals  are  kept  in  constant  darkness.  In  this  respect  Penaeopsis 
resembles  Cambarus. 

It  is  evident  from  this  and  earlier  studies  that  diurnal  rhythms  in- 
volving changes  in  eye  pigment  are  widespread  among  such  crustaceans 
as  shrimp  and  prawn.  It  now  remains  to  be  shown  what  underlying 
physiological  rhythms  are  involved.  The  most  recent  evidence  which 
promises  to  aid  in  an  understanding  of  this  phenomenon  in  crustacean 
eyes  is  that  of  Kleinholz  (1934),  who  has  shown  that  the  eye-stalk 
hormone,  first  found  by  Perkins  (1928)  and  Roller  (1928)  to  affect 
the  body  chromatophores,  also  plays  a  part  in  the  movement  of  the 
distal  pigment  cells.  Kleinholz  has  demonstrated  that  an  extract  of 
the  eye-stalks  of  light-adapted  animals  when  injected  into  animals 
which  have  been  kept  in  the  dark  causes  a  complete  migration  of  the 
distal  pigment  cells  to  the  position  characteristic  of  the  light.  More 
recent  unpublished  results  indicate  that  the  eye-stalk  hormone  has  no 
effect  on  the  proximal  or  reflecting  pigments.  This  is  the  first  con- 
vincing demonstration  of  hormone  effects  on  crustacean  eye  pigments 
and  also  furnishes  additional  evidence  indicating  that  the  different  pig- 


252  JOHN  H.  WELSH 

ments  of  the  eye  are  under  different  controls.  Apparently  it  is  possi- 
ble t«>  chtain  by  means  of  the  eye-stalk  hormone  a  situation  opposite  to 
that  in  the  eyes  of  Macrobrachium  (Welsh.  1930),  where  by  keeping 
the  animals  under  constant  illumination  the  distal  pigment,  at  night, 
a->umes  the  position  characteristic  of  the  dark,  while  the  proximal 
pigment  remains  in  the  light  condition. 

If  diurnal  rhythms  under  constant  conditions  occurred  only  in  the 
movements  of  the  distal  pigment  cells,  we  would  seem  to  be  approach- 
ing an  explanation  of  the  underlying  process,  but  the  fact  that  such 
rhythms  also  occur  in  the  movements  of  the  proximal  and  reflecting 
pigments  only  makes  a  complicated  situation  more  difficult  to  under- 
stand. 

In  conclusion  the  author  wishes  to  acknowledge  his  indebtedness  to 
Doctors  G.  L.  Clarke  and  F.  A.  Brown,  who  collected  in  Bermuda  some 
of  the  material  used  in  this  study,  to  Dr.  F.  A.  Chace,  Jr.,  who  did  the 
identifications,  and  to  Miss  Virginia  Macdonald,  who  assisted  in  the 

histological  preparation  of  the  material. 

i 

A  grant  from  the  James  F.  Porter  Fund  aided  in  meeting  the  expenses  of  this 
and  two  other  papers  published  in  this  journal  in  1934. 
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A  CORRELATION  BETWEEN  THE  FOOD  EGGS  OF  FASCI- 

OLARIA  TULIPA  AND  THE  APYRENE  SPERMATOZOA 

OF  PROSOBRANCH  MOLLUSCS 

J.  WENDELL  BURGER  AND  CHARLES  STEAD  THORNTON 
(From  the  Department  of  Jlioloi/y,  Princeton  University) 

It  has  long  been  known  in  Fasciolaria  tnlipa  that  of  at  least  600-800 
eggs  laid  in  a  capsule  only  a  few  develop.  Those  eggs  that  fail  to  de- 
velop are  eaten  by  the  normal  larva1.  Glaser  (1905),  in  a  study  of  this 
"  egg  cannibalism  "  in  Fasciolaria,  has  suggested  that  these  food  eggs 
represent  a  condition  comparable  to  that  found  in  oligopyrene  sperm, 
such  as  Meves  (1901)  described  for  Faludina.  During  a  study  of  Pro- 
fessor E.  G.  Conklin's  preparations  of  Fasciolaria,  we  have  found  cyto- 
logical  evidence  that  permits  an  elaboration  of  Glaser  's  suggestion. 
Moreover,  because  of  the  more  recent  work  of  Reinke  (1912,  1914)  on 
the  apyrene  sperm  of  Stronibns,  it  is  possible  to  make  a  more  adequate 
correlation  between  atypical  eggs  and  spermatozoa. 

The  material  examined  consists  of  eggs  prepared  by  Professor  E.  G. 
Conklin  in  1903  at  Beaufort,  N.  C.  In  addition  to  a  series  of  untreated 
eggs,  several  series  were  treated  with  the  following  parthenogenetic  re- 
agents : 


1  per  cent  NaCl  for  1%  hours 

2  per  cent  NaCl  for  12  hours 
4  per  cent  MgCl2  for  10  hours 
8  per  cent  MgCl2  for  12  hours 

1  drop  of  HC1  in  300  cc.  sea  water. 

We  are  indebted  to  Professor  E.  G.  Conklin  for  his  kindness  in  putting 
his  preparations  at  our  disposal  and  for  suggesting  this  study. 

In  cytological  detail  the  food  eggs  of  Fasciolaria  are  more  com- 
parable to  apyrene  sperm  than  to  oligopyrene  ones.  Meves  (loc.  cit.) 
described  a  type  of  spermatocyte  in  Palndina  which  had  abnormal  matu- 
ration divisions,  wherein  the  chromosomes  were  irregularly  distributed 
to  the  resulting  cells  ;  further  the  spermatids  transformed  abnormally. 
These  spermatozoa  were  designated  "  oligopyrene  sperm."  In  1912 
Reinke,  working  with  Strombus,  found  that  the  primary  atypical  sper- 
matocytes  did  not  undergo  any  maturation  division  but  transformed  di- 
rectly into  abnormal  spermatozoa.  Their  nuclei  fragment  into  coarse 
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chromatin  granules,  which  become  vcsiculate,  fade,  and  disappear.     This 
type  ft"  sperm  is  called  "  apyrene." 

The  food  eggs  of  Fasciolaria  also  have  no  maturation  divisions. 
When  laid  they  have  a  large,  faintly  reticulate  germinal  vesicle  in  which 
there  is  an  abnormal  giant  nucleolus  (Fig.  1).  Usually  the  nucleus  re- 
mains in  this  condition  until  degeneration  occurs.  Glaser  (1907)  has 
described  this  degeneration  as  an  "  explosive "  process,  whereby  the 
nucleus  is  broken  into  vesicles  containing  bits  of  the  nucleolus.  He 
failed  to  find  evidences  of  amitosis  such  as  Osborn  (1904)  described. 
We  have  been  able  to  find  stages  intermediate  between  the  germinal 
vesicle  and  the  fragments  observed  by  Glaser;  for  frequently  the  nucle- 
olus and  the  nuclear  membrane  are  distorted  (Fig.  2),  suggesting  that 
this  distortion  will  lead  to  fragmentation  in  a  somewhat  slower  manner 
than  that  described  by  Glaser,  althi  nigh  the  result  is  the  same. 

In  other  eggs  there  are  feeble  attempts  at  a  maturation  division.  In 
some  of  these  eggs  the  fine  chromatin  retiVulum  of  the  germinal  vesicle 
becomes  condensed  into  imperfectly  formed  chromosomes.  These  chro- 
mosomes are  grouped  together  within  the  nuclear  membrane;  the  mem- 
brane itself  may  be  distorted  so  that  the  chromosomes  arc  somewhat 
separated  from  the  nucleolus  (Fig.  3).  (  )n  the  other  hand,  the  chromo- 
somes may  form  more  perfectly  and  arrange  themselves  in  the  semblance 
of  a  mitotic  figure,  in  which  no  spindle  libers  are  to  be  seen  (Figs.  4  and 
5  ).  Here  the  nucleolus  may  or  may  not  disappear  or  become  separated 
from  the  chromosomes. 

The  attempt  at  division  goes  no  farther  than  this.  The  nucleus  and 
chromosomes  undergo  degeneration  in  much  the  same  manner  as  de- 
scribed for  the  chromatin  granules  of  the  atypical  spermatocytes  of 
S  trombus.  Vacuolate  chromosomal  vesicles  appear,  with  the  deeply 
staining  chromatin  lining  their  walls.  These  vesicles  enlarge  and  their 
contents  stain  less  and  less  deeply.  During  this  process  the  nucleolus 
may  or  may  not  fragment.  In  many  cases  the  nucleolus  can  be  seen  to 
break  into  several  faintly  staining  bodies  which  become  scattered  in  the 
cytoplasm;  but  in  other  instances  the  nucleolus  does  not  fragment,  but 
becomes  very  faintly  stained  and  is  surrounded  by  a  ring  of  degenerating 
vesicles  (Fig.  6).  The  treatment  with  parthenogenetic  reagents  did  not 
cause  development  of  the  eggs.  The  important  fact  is,  as  Osborn. 
<  ila-er,  and  we  have  found,  that  normally  there  are  no  maturation  divi- 
sions in  the  fond  eggs  of  Fasciolaria.  This  fact  presents  a  situation 
comparable  with  the  apyrene  sperm  of  Strombus,  and  other  forms. 
That  all  the  eggs  are  not  arrested  in  the  same  stage  presents  a  correla- 
tion with  the  s],rnnato/oa  of  this  species;  for  ll\man  (1(>23)  has  de- 
scribed three  types  of  atypical  spermatozoa. 


APYRENE  EGGS 


255 


NL 


NM 


NL 


NM 


'£' 


NL 


6 


FIG.  1.  Germinal  vesicle  before  fragmentation.  Nucleolus,  (nl)  large  and 
vacuolate.  Yolk  represented  by  blank  areas. 

FIG.  2.  Lobulate  nucleus  with  nucleolus  extending  nearly  to  nuclear  mem- 
brane (inn). 

FIG.  3.  Chromosomes  (c)  condensed  and  collected  at  one  pole  of  the  nucleus. 
Nuclear  membrane  still  intact. 

FIG.  4.  Polar  view  of  the  chromosomes.  Nucleolus  undergoing  fragmenta- 
tion. 

FIG.  5.  Chromosomes  arranged  in  a  semblance  of  a  mitotic  figure.  Nucle- 
olus has  disappeared. 

FIG.  6.  Chromosomal  vesicles  (v)  forming  a  ring  around  the  nucleolus. 
Degenerating  stage. 
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li  (1877)  described  irregular  cleavages  in  Paludina  eggs,  in 
which  there  was  an  early  arrest  of  development.  Similarly  Buccinum 
and  Pnrpura  show  irregular  cleavages,  hut  in  these  cases  maturation 
divisions  occur.  Hence,  it  is  suggested  that  these  atypical  eggs  of 
Paludina,  Buccinum,  and  Pnrpura  are  comparable  to  oligopyrene  sperm, 
whereas  in  Fasciolaria  they  are  comparable  to  apyrene  sperm.  In  the 
limited  material  of  Buccinum  at  our  disposal  we  have  found  abnormally 
large  polar  bodies,  and  in  the  cleavage  cells,  degeneration  of  chromatin. 

The  significant  fact  which  arises  from  this  study  is  that  in  the  game- 
togenesis  of  both  sexes  of  prosobranch  molluscs,  there  exists  among  the 
various  species  a  transition  from  the  normal  condition  to  one  that  is 
highly  atypical.  The  least  atypical  deviation  from  the  normal  spermato- 
genesis  is  the  Paludina  type  (oligopyrene),  where  there  are  maturation 
divisions  but  these  are  irregular.  In  the  Strombus  type  (apyrene)  there 
is  a  situation  which  is  more  accentuated  than  that  of  Paludina,  for  here 
both  maturation  divisions  are  suppressed.  A  similar  transition  is  found 
in  oogenesis.  In  Bncclnum  and  other  forms  there  are  oligopyrene  eggs 
wherein  the  deviation  from  the  normal  is  less  marked  than  in  Fasciolaria. 
In  the  latter  the  maturation  divisions  are  suppressed  so  that  only  vestiges 
of  the  process  remain. 

It  is  interesting  to  note  that  in  Pasciolttria  Ilyman  (1923)  found 
that  the  ratio  of  atypical  spermatozoa  to  normal  was  50:  1.  which  ratio 
is  of  about  the  same  order  of  magnitude  as  that  found  between  the 
atypical  and  typical  eggs.  Ilyman,  however,  failed  to  realize  that  there 
are  atypical  eggs  in  Fasciohirla;  but  he  considered  that  the  failure  of 
most  of  the  eggs  to  develop  was  due  to  the  fact  that  the  -reat  number 
of  atypical  spermatozoa  produced  did  not  leave  enough  typical  sperm 
to  fertilize  them. 

Since  this  paper  was  submitted  for  publication,  a  paper  has  appeared 
by  \\'ooflard  (1935)  on  the  apyrene  spermato/.oa  of  (ianinhasis  laqncata. 
In  the  formation  of  these  atypical  spennalo/oa  an  abortive  attempt  at 
maturation  is  made,  wherein  "a  variable  number  of  bivalent  chromo- 
somes are  formed  in  the  nucleus  by  aberrant  prophasc  processes;  these 
are  brought  upon  an  abortive  spindle,  then  scattered  to  all  parts  of  the 
cell  where  they  undergo  progressive  vacuolization."  This  condition  in 
<  ;»ni<>!><isis  is  closely  paralleled  in  Fasciolaria  (cf.  Figs.  3-6),  and  pre- 
another  link  in  the  evidence  for  the  apyrene  egg. 
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A  BUFFERED  AND  LOW  OXYGEN  CONTENT 
PHYSIOLOGICAL  SALT  SOLUTION 

MERLE  RANDALL  AND  THOMAS  C.  DOODY 
(From  the  Chemical  Laboratory  of  the  University  of  California) 

A  physiological  salt  mixture  in  which  Trichonympha  campanula,  a 
protozoan  symbiont  of  Zootcnnopsis  angusticollis,  could  be  kept  alive 
was  worked  out  by  Cleveland  (1925a).  Protozoa  are  known  to  be  ex- 
tremely sensitive  to  osmotic  pressure.  The  cell  walls  disrupt  either 
inward  or  outward  according  as  the  osmotic  pressure  of  the  medium  is 
larger  'or  smaller  than  that  of  the  fluid  within  the  cell.  The  solution 
which  Cleveland  found  most  suitable  was  a  salt  mixture  of  approxi- 
mate pH  7.2  and  with  an  osmotic  pressure  equivalent  to  that  of  an 
approximately  0.40  per  cent  sodium  chloride  solution.  This  mixture 
was  suitable  for  the  Protozoa  of  many  termite  species,  but  the  intestinal 
Protozoa  of  Reticulitenncs  hcspcnis  could  be  kept  alive  in  it  for  only  a 
short  length  of  time.  Since  the  completion  of  our  work,  Trager  (1934) 
has  reported  a  salt  mixture  most  suitable  for  the  Protozoa  of  Zooter- 
mopsis  angusticollis  as  having  an  osmotic  pressure  equivalent  to  that  of 
a  0.3  to  0.4  per  cent  sodium  chloride  solution,  and  a  pi  I  range  of  6.8 
to  7.2. 

Oxygen  gas  is  used  under  pressure  for  the  defaunation  of  termites 
(Cleveland,  I925b,  c,  d,  1928;  Andrew,  1930).  The  oxygen  thus 
forced  into  solution  in  the  intestinal  fluid  is  evidently  an  agent  toxic  to 
the  Protozoa.  This  led  to  the  suspicion  that  some  of  the  intestinal 
Protozoa  of  Reticulitermes  ln-spcrns  were  unusually  sensitive  to  dis- 
solved oxygen  and  were  affected  by  the  small  amount  dissolved  in 
Cleveland's  solution.  Trager  (1(M4)  lias  also  later  shown  that  some 
of  the  Protozoa  of  Zootcnnopsis  angusticollis  are  very  sensitive  to 
vgen.  These  grow  best  where  air  is  excluded  by  vaseline  seals  or 
where  tin-  culture  tubes  connected  by  paraffined  stoppers  and  glass 
tubing  to  other  tubes  contain  alkaline  pyrogallol  thereby  creating  an 
atmosphere  of  low  oxygen  content.  The  amount  of  oxygen  dissolved 
from  the  air  at  atmospheric  pressure  by  water  (\Vinkler,  1889)  is 
small,  being  8.8  ml.  of  oxygen  per  1,000  ml.  of  water  at  5.2°  C,  7.1  at 
14.8°  C.  and  5.8  .-it  J4.8°  C. 

A  desirable  physiological  salt  mixture  for  studying  the  life  history 
of  these  organisms  sin  mid  have  the  following  properties:  (a)  The  salt 
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solution  should  have  a  low  oxygen  content;  (b~)  excess  power  of 
absorbing  oxygen  must  he  maintained  to  keep  the  amount  of  oxygen 
in  the  solution  low  during  use;  (r)  it  must  have  the  correct  pll — i.e., 
be  nearly  neutral;  (d)  the  osmotic  pressure  of  the  solution  must  he 
correct;  (r)  the  solution  must  not  contain  constituents  toxic  to  the 
Protozoa. 

Manganese  hydroxide  has  the  power  of"  removing  oxygen  quite 
completely  from  solutions.  In  the  reaction  manganous  hydroxide  is 
oxidized  to  manganic  hydroxide  by  the  dissolved  oxygen. 

Mn(OH), (solid)  +  ^O,  (dissolved)  +  iH2O(solvent)  = 

Mn  (OH)  .(solid).     (1) 

t 

Both  hydroxides  are  quite  insoluble.  This  reaction  is  made  the  basis 
of  standard  methods  of  quantitative  determinations  of  dissolved  oxygen 
in  water  analysis  (Winkler,  1888). 

Although  there  is  considerable  confusion  in  the  literature  regarding 
the  solubility  of  manganous  hydroxide,  the  value  taken  is  0.00043  gram 
manganous  hydroxide,  or  4.8  X  10~6  mols  per  liter,  determined  by 
Almkvist  (1918)  for  the  solubility  in  distilled  water  at  22°  C.,  without 
correction  for  dissolved  carbon  dioxide.  These  conditions  are  ap- 
proximately those  found  under  the  conditions  of  use  of  a  physiological 
salt  solution.  Considering  manganous  hydroxide  as  a  strong  base  the 
pH  of  the  saturated  solution  would  be  about  9.  This  value  is  in- 
dicated by  the  electrometric  titration  of  manganous  chloride  with  sodium 
hydroxide  (Britton,  1925;  Atkins,  1923),  in  which  the  precipitation 
of  manganous  hydroxide  occurs  between  pH  values  of  8.6  and  9.2.  It 
is  evident  by  the  application  of  the  mass  law  to  the  reaction, 

Mn(OH),(s)  =  Mn++  +  20H-  (2) 

that  an  increase  in  the  concentration  of  the  manganous  ion  will  de- 
crease the  concentration  of  the  hydroxide  ion  by  precipitating  more 
solid  manganous  hydroxide.  Computations  will  show  that  the  pH  of 
the  solution  is  about  7.1  when  the  manganous  concentration  is  0.025 
mols  per  liter  and  about  7.0  when  it  is  0.050  mols  per  liter. 

Although  work  on  the  pH  of  the  termite  intestine  (Randall  and 
Doody,  1934)  showed  a  pH  of  about  6.8  in  the  hindgut,  the  success  of 
Cleveland  with  a  solution  of  pH  =  =  7.2  led  to  the  use  of  a  saturated 
solution  of  manganous  hydroxide  (with  excess  of  the  insoluble  man- 
ganous hydroxide),  having  a  concentration  of  manganous  ion  of  0.025 
mols  per  liter  (estimated  pH  =  =  7.1).  The  excess  of  the  light  flocculent 
manganous  hydroxide  furnishes  a  plentiful  reservoir  of  oxygen  re- 
mover to  take  care  of  any  oxygen  absorbed  during  the  use  of  the  solution 
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and  acts  as  a  buffer  to  retain  the  proper  pH.  There  is  no  indication 
from  the  literature  or  from  preliminary  experiments  with  the  man- 
ganous  hydroxide  that  it  should  have  any  toxic  effect  on  the  intestinal 
Protozoa  of  the  termite. 

Miring  the  Deoxygenating  Solution 

Boil  more  than  one  liter  of  distilled  water  vigorously  for  ten  or  fif- 
teen minutes  to  remove  most  of  the  dissolved  oxygen.  It  is  best  to  use 
hot  water  in  preparing  the  solution  so  that  as  little  oxygen  as  possible 
will  be  redissolved.  Dissolve  3.94  grams  of  manganous  chloride 
(MnCL)  in  25  ml.  of  the  boiled  water.  To  the  remainder  of  one  liter 
of  the  water  (975  ml.)  add  0.5  gram  of  sodium  hydroxide.  Pour  this 
into  a  narrow  necked  liter  flask  which  can  be  tightly  stoppered.  Add  the 
manganous  chloride  solution,  stopper  tightly,  and  mix  well  by  shaking. 
When  cool,  the  deoxygenating  solution  is  ready  for  use  except  that  an 
adjustment  for  its  osmotic  pressure  is  required.  The  procedure  as  pre- 
scribed makes  0.56  gram  per  liter  of  insoluble  manganous  hydroxide, 
of  which  only  0.0000048  gram  is  dissolved.  This  provides  a  plentiful 
excess  of  the  insoluble  hydroxide.  Always  shake  the  mixture  well  be- 
fore using,  so  there  will  be  particles  of  the  insoluble  deoxygenating 
hydroxide  in  the  solution  which  is  to  be  used.  As  the  dissolved  man- 
ganous hydroxide  is  used  it  is  replaced  by  more  of  the  insoluble  hy- 
droxide going  into  solution. 

The  insoluble  manganous  hydroxide,  Mn(OH),,  is  light  pink  in 
color.  The  manganic  hydroxide,  Mn(OH).,,  which  is  formed  by  re- 
action with  the  dissolved  oxygen,  is  also  insoluble ;  but  its  color  is  dark- 
brown.  This  dark  brown  color  appears  during  the  preparation  of  the 
deoxygenating  solution,  due  to  the  removal  of  the  slight  amount  of 
oxygen  dissolved  in  the  water  of  the  solution.  This  does  no  harm  as 
there  still  remains  an  ample  excess  of  the  undissolved  deoxygenating 
agent,  manganous  hydroxide.  The  solution  should  be  kept  in  a  tightly 
stoppered  flask,  as  it  deteriorates  rapidly  due  to  the-  absorption  of  oxygen 
from  the  air. 

Adjustment  for  Osmotic  Pressure 

The  osmotic  pressure  of  the  above  saturated  and  buffered  solution  of 
manganous  hydroxide  is  too  low  as  was  evident  from  the  disruption  of 
the  cells  of  the  Protozoa  in  preliminary  experiments. 

The  -alt  mixture  used  by  Cleveland  was  roughly  equivalent  to  a  0.40 
per  cent  solution  of  sodium  chloride,  which  we  found  to  give  approxi- 
mately the  ri-ht  o>niotic  pressure.  Therefore  0.740  gram  of  sodium 
chloride  should  be  added  to  each  liter  of  the  manganous  hydroxide  solu- 
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tion.  A  finer  adjustment  of  the  osmotic  pressure  is  made  from  observa- 
tions on  the  effect  upon  the  Protozoa  when  the  solution  is  used  as  a 
medium. 

A  more  suitable  medium  for  these  Protozoa  could  probably  be  made 
by  adjusting  the  osmotic  pressure  with  one  of  the  sugars  which  can  be 
produced  by  the  decomposition  of  cellulose.  The  hexoses  (C6H12OC) 
such  as  glucose,  galactose,  and  mannose,  can  be  produced  from  cellulose, 
and  would  probably  show  no  ill  effect  in  the  intestine  of  an  animal  which 
lives  on  cellulose.  The  approximate  adjustment  of  the  osmotic  pres- 
sure of  the  manganous  hydroxide  medium  can  be  made  by  the  addition 
of  6.67  grams  of  glucose,  galactose,  or  mannose,  or  any  mixture  of 
them,  to  each  liter  of  the  medium. 

Action  on  the  Protozoa  of  Rcticiditcnncs  Hesperus 

The  method  used  by  Dr.  O.  L.  Williams  of  the  Sub-committee  on 
Biology,  Termite  Investigations  Committee,  to  examine  the  Protozoa 
of  Reticulitermes  hcspcrus  was  as  follows :  The  intestinal  contents  of 
a  termite  were  mixed  with  about  0.5  ml.  of  the  fluid  medium  containing 
manganous  hydroxide  (osmotic  pressure  adjustment  made  with  sodium 
chloride).  The  depression  in  a  hollow-ground  slide  was  then  filled  with 
this  dilution,  and  a  cover-slip  sealed  in  place  with  vaseline  or  paraffin. 

Preparations  made  as  above  showed  active  Protozoa  for  periods  of 
twenty-four  hours  or  longer.  Preparations  made  in  the  same  manner 
with  Cleveland's  solution  in  place  of  the  above  described  manganous- 
containing  solution  showed  active  Protozoa  only  during  periods  of  less 
than  two  hours. 

Mr.  J.  E.  Gulberg,  who  has  used  the  manganous  solution  in  taking 
micro-motion  pictures  of  the  Protozoa  R.  licspcrus,  where  the  intense 
illumination  required  is  a  serious  factor  in  limiting  the  survival  of  the 
Protozoa,  found  that  it  was  possible  to  keep  the  organisms  alive  over  a 
period  of  about  two  hours.  This  was  accomplished  without  other  spe- 
cial precautions  to  exclude  oxygen  from  the  preparations  which  were 
being  photographed.  Under  the  same  severe  conditions,  with  the  usual 
physiological  salt  solutions,  the  organisms  could  not  be  kept  alive  more 
than  a  few  minutes. 

These  results  show  considerable  advantage  for  the  preparations  of 
the  Protozoa  from  Reticulitermes  hcspcrus  in  which  the  amount  of  dis- 
solved oxygen  is  reduced.  The  manganous  hydroxide  mixture  is  itself 
a  'diluent  of  very  low  oxygen  content.  It  also  supplies  a  reserve  oxygen- 
kemoving  power  which  absorbs  oxygen  from  the  material  which  was  di- 
luted and  maintains  the  mixture  to  be  observed  at  very  low  oxygen  con- 
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tent.  The  use  of  this  manganous  hydroxide  mixture  adds  no  complica- 
tions to  present  technique  and  allows  the  production  of  essentially  oxy- 
gen-free cultures  more  easily  than  with  any  of  the  methods  in  common 
u-r.  The  manganous  hydroxide  mixture  as  described  above  gives  a 
luilUTed  solution  of  adjustable  pi  I  and  osmotic  pressure  which  appears 
imn-toxic  to  Protozoa. 

Slight  changes  in  the  pH  of  the  solution,  the  composition  of  the 
added  salts,  and  the  adjustment  of  the  osmotic  pressure  can  be  made  to 
suit  other  organisms  requiring  physiological  salt  solutions  of  low  oxygen 
content. 

\Ye  wish  to  make  acknowledgment  to  the  Termite  Investigations 
Committee  under  whose  auspices  this  work  was  done.  We  also  take 
this  opportunity  to  thank  Air.  J.  E.  Gullberg  and  Dr.  O.  L.  Williams 
for  their  cooperation. 
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THE  CHROMOSOMES  OF  HERMAPHRODITES 

I.       LKPAS   ANATIFERA    L.1 

EMIL  WITSUIl 

(I'roin  the  Zoological  Laboratory,  State  University  of  loiva,  and  the  Marine 
Biological  Laboratory,  Woods  Hole,  Mass.) 

Our  information  relative  to  chromosomes  of  hermaphrodite  ani- 
mals is  still  very  scanty,  which  is  deplorable  in  view  of  the  fact  that  a 
general  theory  of  the  sex  chromosome  ought  to  be  based  on  herma- 
phrodite as  well  as  gonochorist  forms.  The  only  cases  exhaustively 
studied  are  those  of  the  nematode  Angiostomum  (Rliabditis)  nigro- 
venosum  (Boveri,  1911;  Schleip,  1911)  and  the  coccid  Iccrya  purchasi 
(Hughes-Schrader,  1927,  1930).  Both  are  atypical  insofar  as  the 
"  hermaphrodites  "  begin  development  as  females,  morphologically  as 
well  as  with  respect  to  chromosome  numbers.  When,  later  on,  testi- 
cular  islands  and  spermatozoa  are  formed,  they  arise  only  in  con- 
secmence  of  a  localized  process  of  sex  reversal  which  is  accompanied 
by  chromosomal  regulations.  In  the  case  of  Angiostomum  one  X 
chromosome  becomes  inactive  and  subsequently  is  omitted,  while  in 
Iccrya  the  diploid  set  of  chromosomes  is  reduced  to  the  haploid.  In 
either  case,  the  chromosomal  condition  of  the  male  is  established.  In- 
dications of  the  regulation  become  visible  at  the  first  spermatocyte  stage 
or  even  earlier.  No  somatic  cells  of  male  constitution  are  formed. 
Hermaphrodism,  in  these  cases,  is  visibly  secondary  to  the  gonochorist 
condition. 

There  is  good  reason  to  assume  that  a  vast  majority  of  herma- 
phrodites are  of  a  different  type  and  have  not  been  derived  from 
gonochoristic  ancestors.  Thanks  to  data  accumulated  in  papers  by 
Boveri  (1890),  Stevens  (1903,  1904,  1910),  Buchner  (1910),  Elpa- 
tiewsky  (1910)  and  Bordas  (1912,  1914),  we  obtain  a  fairly  complete 
picture  of  the  chromosome  cycle  in  several  species  of  Sagitta.  The 
diploid  number  of  18  chromosomes  is  found  in  somatic  cells  as  well  as 
iii  spermatogonia  and  ovogonia.  Mature  eggs  and  spermatozoa  all 
contain  9.  This  situation  corresponds  to  that  which  generally  is  con- 
sidered to  be  characteristic  for  hermaphrodite  and  monoecious  higher 
plants.  In  Datura  stramonium.  Belling  and  Blakeslee  show  that  the 
diploid  number  is  24  and  the  haploid  12.  That  the  chromosome  sets  of 

1  This  investigation  was  supported  by  grants  from  the  Committee  for  Research 
in  Problems  of  Sex  of  the  National  Research  Council. 
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pollen  grains  and  eggs  arc  qualitatively  equivalent  is  demonstrated  by 
genetical  evidence.  Hence  there  exists  a  well  established  type  of  herma- 
phrodism  with  sex  differentiation  that  is  not  followed  by  chromosomal 
rearrangements  in  either  sex.  We  designate  this  condition  as  primary 
hermaphrodism,  since  it  appears  to  be  the  prototype  from  which  the 
different  forms  of  gonochorism  in  Metazoa  and  in  higher  plants  have 
arisen. 

In  the  hermaphrodite  annelid  Ophryotrocha  pucrUis,  A.  and  K.  E. 
Schreiner  (1906)  as  well  as  Until  (1933)  have  demonstrated  the 
presence  of  8  chromosomes  in  somatic  cells  and  in  dividing  gonia.  In 
the  maturation  divisions  of  spermatocytes  and  ovocytes  appear  four 
chromatic  units,  and  from  Iluth's  careful  morphological  analysis  one 
can  conclude  that  all  ripe  gametes  receive  equivalent  haploid  chromosome 
sets. 

Perrot  (1934),  in  his  recent  study  on  Linuiaca  stagnalis,  gives  18 
as  the  haploid  number  in  both  male  and  female  maturing  germ  cells. 
The  necessity  of  further  critical  studies  in  gastropod  chromosome  cycles 
is,  however,  emphasized  by  an  earlier  paper  of  the  same  author  (1930). 

In  respect  to  the  problem  of  the  evolution  of  gonochorism  the  order 
of  the  Cirripedia  would  seem  to  be  of  particular  interest.  A  large 
number  of  genera  are  straight  hermaphrodites.  Others  consist  of  large 
hermaphrodites  and  smaller  "complementary  "  males,  while  a  few  little- 
studied  species  have  large  female  and  small  male  forms.  The  present 
paper  deals  with  the  goose  barnacle,  Lcpus  ainitifcra  L..  a  common 
hermaphrodite.  The  material  was  collected  at  the  Marine  Biological 
Stations  of  Ivosroff,  France  and  of  Woods  Hole,  Massachusetts. 

In  the  intestinal  walls  of  adult  specimens  relatively  frequent  mitoses 
are  found  which  lend  themselves  favorably  to  chromosome  counts  due 
to  the  large  si/e  of  the  cells.  I'mphasc  and  metaphase  chromosomes 
appear  like  beads  of  different  si/.e,  the  largest  measuring  about  eight 
times  the  volume  of  the  smallest  ones.  In  the  equatorial  plate  these 
chromosomes  are  crowded  together,  though  in  favorable  cases  one  can 
easily  enough  establish  Jfi  as  the  diploid  somatic  chromosome  number 
(  bigs.  1  and  2). 

Spermatogenesis  is  charactcri/ed  by  the  extreme  smallness  of  the 
The  siuvessive  stages  of  maturation  of  primary  spcnnatocytes 
were  si  tidied  with  utmost  care.  Slides  were  stained  with  hematoxylin 
after  Khrlich,  Delafield  and  Heidenhain  as  well  as  by  the  Fculgen 
method.  The  chromosomes  unravel  and  form  very  fine  threads  during 
the  coiijugaiion  phase  (Fig.  3).  Iletcropycnotic  elements  distinctly 
arc  absent.  Due  to  the  small  size  of  the  spindle,  the  chromosomes  of 
the  first  mciotic  metaphase  arc  so  closely  packed  that  they  can  be  in- 
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dividual!}'  seen  and  counted  in  a  small  fraction  only  of  the  innumerable 
dividing  spermatocytcs  that  one  finds  in  testes  during  the  reproductive 
season  (Figs.  4-6).  If  seen  in  profile  (Fig.  4),  the  chromosomes 
appear  as  paired  beads.  As  they  segregate  and  move  toward  the 
spindle  poles  they  soon  become  rearranged,  some  moving  faster,  others 
slower.  The  minute  size  of  the  spindle  simply  docs  not  permit  the 
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FIGS.  1-9.  Chromosomes  of  Lcpas  anatifera  L.  1,  2,  dividing  intestinal  cells. 
3,  spermatocyte  in  conjugation  phase.  4-6,  spermatocytes  in  first  maturation 
division.  7,  profile  view  of  first  meiotic  spindle  in  the  egg.  8,  chromosomes  in 
a  first  meiotic  spindle  which  stands  obliquely  in  the  section.  9,  polar  view  of  the 
chromosome  plate  of  the  first  meiotic  spindle  in  the  egg.  All  figures  X  2000. 

advance  of  undisturbed  chromosomal  plates  during  anaphase.  No  un- 
even distribution  of  the  chromosomes  is  indicated  and  no  chromatin 
elements  are  eliminated.  The  author  was  not  able  to  count  chromo- 
somes in  the  second  meiotic  division,  though  it  was  ascertained  that  no 
chromosome  elimination  occurred  here,  either. 

Lcpas,  like  many  other  crustaceans,  brings  periodically  large  num- 
bers of  eggs  to  simultaneous  maturity.  In  one  specimen  the  ovary  con- 
tained many  thousands  of  eggs,  all  at  the  stage  of  metaphase  of  the  first 
maturation  division.  The  spindle  which  lies  close  to  the  surface  of  the 
oval  egg  has  more  than  three  times  the  linear  dimensions  of  the  cor- 
responding spermatocyte  figure  (compare  Figs.  7  and  4).  The  chromo- 
somes are  well  separated  since  they  are  relatively  smaller  (barely  twice 
the  diameter  of  spermatocyte  chromosomes;  Figs.  9  and  6).  The 
haploid  number  of  13  was  established  with  greatest  ease  in  more  than 
two  hundred  individual  counts.  Three  large  chromosomes  generally 
occupy  the  center  of  the  plate  while  ten  smaller  ones  usually  take  their 


266  EMIL  WITSCHI 

place  ailing  its  periphery.  The  relative  size  differences  are  the  same 
in  ovocytes  and  spermatocytes.  The  fact  that  the  individual  chromo- 
are  at  least  four  times  as  voluminous  in  female  as  in  male  germ 
cells  of  identical  stage  suggests  that  the  visible  chromatin  represents 
much  more  than  the  aggregate  volume  of  the  genes.2  Seen  in  profile 
the  metaphasic  chromosomes  appear  as  pairs  composed  of  two  equal 
elements  (Figs.  7  and  8). 

\Yeismann  and  Ischikawa  (1888)  had  seen  "  four  double-chromatin- 
elements  "  in  the  maturation  spindle  of  the  egg,  while  Groom  (1X()4) 
reports  that  "  the  number  of  chromatic  elements  varies;  it  appears  to  be 
commonly  four  or  five,  but,  in  some  cases  was,  as  far  as  I  could  make 
out,  as  many  as  ten  or  twelve."  To  prove  the  incorrectness  of  these 
counts  we  refer  to  the  photomicrograph  Fig.  10.  The  true  number 


Fir,.  10.     Photomia-.  i.uraph  of  the  13  chromosomes  in  the  first  maturation  spindle 

in  the  egg  of  Lcpas.     X  1500. 

can  be  ascertained   without    difficulty   even    in   properlv    stained   whole 
mounts. 

No  heteromorphic  sex  chromosomes  have  been  found  in  somatic  or 
in  germinal  cells  of  either  sex.  Nor  have  we  observed  any  indication 
of  chromosomal  regulation  of  either  the  Angiostomum-  or  the  Iccrya- 
type.  Even  though  this  study  does  not  include  some  of  the  important 
phases  of  the  chromosome  cycle  (especially  that  of  fertilization),  the 
evidence  obtained  renders  it  more  than  probable  that  the  goose  barnacle 
is  a  primary  hermaphrodite  in  the  sense  defined  above.  Delage  (1884), 
G.  Smith  (1906),  Meisenheimer  (1921),  and  others  have  defended  the 
iipinion  that  hermaphrodism  in  Cirripedia  is  secondary,  the  order  having 
descended  from  gonochoristic,  free-swimming  ancestors.  The  evidence 
of  comparative  morphology  has,  however,  been  interpreted  also  in  the 
tip] incite  sense.  The  chromosomal  situation  is  distinctly  in  favor  ot 
Darwin'-  (  1S51,  1854)  theory  of  primitive  hermaphrodism  and  second- 

-  In  Ofh  a,    i>  •  "rding  to  Huth   (1933),  the  chromosomes  <>f  the  polar 

spindle    are   of    sunn-    size    as    those    of    the    first   spermatocyte,   even    though    the 
spindles  show  a  similar  sixe  ratio  as  in  Lc[>as. 
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ary  development  of    "complementary"   males   and   of   complete   gono- 
chorism. 

BIBLIOGRAPHY 

BORDAS,  M.,  1912.     Contribution  a  1'etude  dc  la  Spermatogenese  dans  la  Sagitta 

bipunctata.     La  Cellule,  28:  165. 
BORDAS,  M.,  1914.     Doctrinas  actualcs  sobre  la  reduccion  numerica  dc  los  chromo- 

somas  y  su  aplicacion  a  la  espermatogencsis  de  la  Sagitta  bipunctata  Quoy 

et  Gaim.     Mem.  d.  I.  Real.  Soc.  Expan.,  10:  1. 
BOVERI,  TH.,  1890.     Zellen-Studien.     Uber  das  Verhalten  der  chromatischen  Kern- 

substanz  bei  der  Bildung  der  Richtungskorper  und  bei  der   Befruchtung. 

Jena.  Zeitschr.  f.  Naturwiss.,  24:  314. 
BOVERI,  TH.,  1911.     Uber  das  Verhalten  der  Geschlechtschromosomen  bei  Herma- 

phroditismus.     Beobachtungen,    an     Rhabditis     nigrovenosa.     Wucrdniry 

Verh.  physik.  Ges.  (N.F.),  41:  83. 
BUCHNER,  P.,   1910.     Die   Schicksale  des  Keimplasmas  der   Sagitten   in   Reifung, 

Befruchtung,  Kcimbahn,  Ovogenese  und  Spermatogenese.     Festschr.  f.  R. 

Hcrtzvig.,  Jena,  1 :  233. 
DARWIN,  C,  1851-54.     A  Monograph  of  the  Sub-class  Cirripedia.     The  Lepadidae, 

London  1851 ;  The  Balanidae  etc.,  London  1854. 
DELAGE,  Y.,  1884.     Evolution  de  la  sacculine.     Arch.  Zool.  cxper.  et  gen.,  2  ser.,  2: 

417. 
ELPATIEWSKY,    W.,    1910.     Die    Entwicklungsgeschichte    der    Genitalprodukte    bei 

Sagitta.     I.  Die  Entwicklung  der  Eier.     Biol.  Zs.  Moskva,  1 :  333. 
GROOM,  T.  T.,  1894.     V.  On  the  Early  Development  of  Cirripedia.     Phil.  Trans. 

Roy.  Soc.  London,  Ser.  B,  185:  119. 
HUGHES-SCHRADER,  S.,  1927.     Origin  and  Differentiation  of  the  Male  and  Female 

Germ    Cells     in    the     Hermaphrodite     of     Icerya    purchasi     (Coccidae). 

Zeitschr.  f.  Zellforsch.  u.  mikr.  Anal.,  6:  509. 
HUGHES-SCHRADER,    S.,    1930.     The    Cytology    of    Several    Species    of    Iceryine 

Coccids,  with  Special  Reference  to  Parthenogenesis  and  Haploidy.     Jour. 

Morph.,  50:  475. 
HUTH,  W.,   1933.     Zur  Cytologie  der  Ophryotrochen.     Zeitschr.  f.  Zellforsch.  u. 

mikr.  Anat.,  20:  309. 
MEISENHEIMER,    J.,    1921.     Geschlecht   und    Geschlechter    im    Tierreiche.     Bd.    I. 

Jena. 
PERROT,  J.  L.,  1930.     Chromosomes  et  Heterochromosomes  chez  les  Gasteropodes 

pulmones.     Rev.  Suisse  Zool.,  37:  397. 
PERROT,  J.  L.,  1934.     A  propos  du  nombre  des  chromosomes  dans  les  deux  lignees 

germinales     du     Gasteropoda     hermaphrodite     Limnaea     stagnalis     (var. 

rhodani).     Rev.  Suisse  Zool.,  41:  693. 
SCHLEIP,   W.,    1911.     Das    Verhalten   des    Chromatins    bei    Angiostomum    (Rhab- 

donema)  nigrovenosum.     Arch.  Zellforsch.,  7:  87. 
SCHREINER,  A.,  AND  K.E.,  1906.     Die  Reifung  der  Geschlechtszellen  von  Ophryo- 

trocha  puerilis  Clprd.-Mecz.  Anat.  Anz.,  29:  465. 
SMITH,  G.,  1906.     Rhizocephala.     Fauna  Neapel,  Berlin,  29:  1. 
STEVENS,  N.  M.,   1903.     On  the  Ovogenesis   and   Spermatogenesis   of   Sagitta  bi- 
punctata.    Zool.  Jahrb.,  Abt.  f.  Anat.,  48:  227. 
STEVENS,    N.    M.,    1904.     Further    Studies    on    the    Ovogenesis    of    Sagitta.     Zool. 

Jahrb.,  Abt.  f.  Anat.,  21:  243. 
STEVENS,  N.  M.,  1910.     Further  Studies  on  Reproduction  in  Sagitta.     Jour.  Morph.. 

21:  279. 
WEISMANN   AND  ISCHIKAWA,    1888.     Weitere  Untersuchungen  zum  Zahlengesetz 

der  Richtungskoerper.     Zool.  Jahrb.  Abt.  f.  Anat.,  3:  575. 


CENTRIFUGING  THE  EGGS  OF  ILYANASSA  IN  REVERSE 

T.  H.  MORGAN 

(From  the  William  G.  Kcrckhoff  Laboratories  of  the  Biological  Sciences, 
California  Institute  of  Technology,  Pasadena,  California) 

INTRODUCTION 

A  study  of  the  factors  involved  in  the  formation  of  the  so-called 
yolk-lobe  or  antipolar-lobe  in  the  snail  Ilyanassa  carried  out  in  the 
summer  of  1932  led  to  certain  provisional  conclusions  concerning  the 
nature  of  the  lobe.  Most  of  the  experimental  work  was  carried  out  by 
centrifuging  the  eggs  at  different  stages  previous  to  and  during  the 
formation  of  the  lobe.  The  main  problem  was  to  discover  whether  the 
lobe  is  only  an  expression  of  changes  taking  place  elsewhere  in  the  egg 
—changes  that  are  directly  or  indirectly  correlated  with  mitosis — or 
whether  the  lobe  is,  in  some  sense,  a  predetermined  region  of  the  egg, 
and  its  formation  merely  incidental  to  the  other  phases  in  the  mitotic  or 
other  phenomena.  The  view  presented  in  the  following  pages  is  that 
neither  of  these  interpretations  is  strictly  true,  lie-cause  while  the  lobe 
region  may  be  regarded  as  present  in  the  ripe  eggs,  its  delineation  is 
not  strictly  preformed,  and  to  a  limited  extent  it  possesses  a  certain 
autonomy  of  its  own.  and  is  independent  of  the  mitotic  phenomena  as 
such.  It  is  even  independent  of  the  materials  contained  inside  that 
part  of  the  egg.  It  should  be  recalled  in  this  connection  that  the  first 
time  the  lobe  appears  (Plate  I,  1 )  it  is  scarcely  recognizable,  and  can 
not  be  said  to  be  constricted  from  the  rest  of  the  egg.  The  egg  merely 
becomes  pear-shaped  with  a  pointed  or  rounded  region  barely  outlined 
at  the  antipole.  On  the  other  hand,  when  the  second  lobe  appears  the 
lobe  is  a  conspicuous  part  of  the  egg  (Plate  I,  2-7),  but  it  never  be- 
comes much  constricted  at  the  base  from  the  rest  of  the  egg.  The 
third  lobe  (Plate  I,  9-13)  at  first  resembles  the  second  very  closely, 
but  later  it  is  completely  constricted  from  the  egg  when  the  first  division 
is  completed.  The  fourth  lobe  (Plate  I,  17-18)  is  little  more  than  the 
constriction  near  the  middle  of  one  (the  larger)  of  the  dividing  cells. 
Subsequently  one  of  the  two  cells  is  pinched  off  from  the  yolk,  the  other 
remaining  attached  to  the  yolk  by  the  constricted  region  (Plate  I,  18- 
19).  This  rcll  soon  fliers  with  the  yolk  (Plate  I,  20).  giving  the  typical 
four-cell  staiM  . 

Between  lobe-forming  stages,  the  lobe  may  be  said  to  return  into 
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the  egg.  This  is  true  at  least  after  the  first  and  second  lobe  formation, 
while  the  third  lobe  fuses  with  one  of  the  first  two  blastomeres  (Plate 
I,  15—16)  which  does  not  become  spherical.  The  fourth  lobe  remains 
as  a  part  of  one  of  the  four  blastomeres,  fusing  with  it  into  one  large 
oval  cell  (Plate  I,  17-20). 

It  may  also  be  recalled  that  when  the  first  lobe  appears  the  first 


13 


polar  body  is  coming  off.  The  mitotic  figure  at  the  pole  is  very  small 
at  this  time,  although  before  passing  to  the  pole  it  was  quite  extensive. 
On  the  other  hand,  the  second  lobe  is  large.  At  the  time  of  its  begin- 
ning the  second  polar  body  is  being  extruded.  The  mitotic  figure  of 
the  second  polar  body  is  no  larger  than  that  of  the  first.  This  lobe 
continues  to  grow  larger,  during  which  time  the  egg-pronucleus  is  de- 
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veloping,  and  the  sperm-pronucleus  is  approaching  to  fuse  with  it. 
\Yhen  the  third  lobe  develops,  there  is  a  very  large  mitotic  figure  in  the 
upper  hemisphere.  The  lobe  is  fully  delimited  at  the  time  when  the 

ivage  begins  to  cut  into  the  upper  hemisphere. 

It  is  obvious  that  the  extent,  and  in  some  degree  the  size  of  the  lobe, 
is  not  intimately  bound  up  with  a  particular  stage  of  the  mitotic  figure, 
and  that  it  is  a  more  or  less  independent  development  in  the  antipolar 
hemisphere  of  the  egg. 

By  means  of  centrifuging  the  eggs  upside  down  ("in  reverse"), 
I  attempted  to  find  out  whether  the  formation  of  the  lobe  is  due  to 
materials  contained  within  it.  and  whether  its  location  is  dependent  on 
the  location  of  the  mitotic  spindle.  It  has  been  surmised  for  other 
forms — leeches,  molluscs  and  polychaetous  annelids  whose  eggs  also 
develop  lobes  somewhat  like  those  of  Ilyanassa — that  the  lobe  contains 
preformed  material  essential  for  certain  later  embryonic  structures.  If 
this  is  correct,  then  it  might  seem  to  follow  that  the  formation  of  the 
lobe  itself  is  connected  with  the  presence  of  these  materials  in  the 
antipolar  hemispheres.  The  experiments  that  I  have  carried  out  show 
that  this  is  not  the  case,  since  the  lobe  will  still  develop  when  its  ma- 
terials have  been  removed  and  carried  into  the  polar  hemisphere.  It 
may,  of  course,  be  true  that  "organ-forming  substances"  may  be 
present  in  some  of  these  eggs  with  lobes  as  has  been  claimed,  but  even 
if  this  is  true  it  does  not  seem  probable  in  the  light  of  the  experiments 
that  the  mechanics  of  lobe-formation  has  anything  to  do  with  the 
presence  of  such  materials.  This  statement  does  not  mean  that  there 
are  not  preformed  structures  in  the  antipolar  hemisphere  that  arc  in- 
volved in  lobe-formation.  I  am  inclined  to  believe  that  in  the  surface 
layers  of  this  region,  that  can  not  be  removed  by  centrifuging,  the  key 
to  the  situation  may  be  found.  In  support  of  this  view  is  the  fact  that 
when  the  upper  hemisphere  is  pinched  off  from  the  rest  ot  the  egg  by 
centrifuging  in  raffinose.  the  cleavage  of  this  half  is  into  two  and  tour 
equal  cells.  Xo  lobe  appears.  The  other  half,  the  lower  hemisphere, 
or  the  "bottom"  will  develop  a  lobe,  even  when  the  female  and  male 
nucleus  are  absent. 

There  are  three  separate  but  interdependent  topics  discussed  in 
this  and  two  following  papers:  the  behavior  of  the  egg  when  its  in- 
terior materials  are  partly  or  wholly  reversed;  the  cleavage  of  the 
"tops"  and  of  the  "bottoms"  after  their  separation;  the  rhythmic 
formation  of  the  lobe,  either  in  the  presence  of  the  egg-chromatin  alone 
(the  sperm  nucleus  having  been  removed),  or  in  the  total  absence  of 
all  chromatin. 
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EGGS  CENTRIFUGEU  IN  REVERSE 
Introduction 

The  chromatin  in  eggs  that  have  just  been  laid  and  centrifuged 
before  the  first  polar  body  has  been  extruded  is,  in  the  inverted  egg, 
carried  along  one  side,  or  even  into  the  antipolar  hemisphere.  The 
sperm-pronucleus  is  also  carried  along  wjth  the  protoplasm  and  can 
sometimes  be  found  in  the  protoplasmic  zone.  Occasionally  I  have 
seen  a  polar  body  given  off  from  the  clear  zone,  but  since  the  polar 
bodies  have  not  often  been  seen  in  these  eggs,  when  alive,  it  may  be 
that  the  chromosomes  of  the  polar  spindle  often  divide,  but  do  not 
separate  into  two  nuclei  and  'remain  in  the  egg.  There  are  some  in- 
dications that  a  large  number  of  the  chromosomes  are  present  when  the 
segmentation  spindle  forms  later  at  the  side  or  in  the  antipolar  hemi- 
sphere, but  the  chromosomes  are  so  small  and  clumped  that  I  have  not 
been  able  to  count  them. 

An  important  consideration  is  whether  any  protoplasmic  readjust- 
ments take  place  in  the  inverted  or  in  the  partly  inverted  eggs  after 
removal  from  the  centrifuge.  In  general  the  whole  of  the  protoplasm 
with  its  contained  chromosomes  has  been  carried  along  one  side  of  the 
egg,  and  in  completely  inverted  eggs  it  is  in  this  way  carried  to  the 
antipole.  The  oil  before  centrifuging  is  contained  largely  in  the  proto- 
plasmic substance  of  the  polar  hemisphere,  giving  it  an  opaque  or 
brownish  appearance  by  transmitted  light,  or  white  in  direct  light.  In 
well  centrifuged  eggs  the  oil  leaves  the  protoplasm  and  collects  as  a 
segment  at  the  centripetal  pole.  The  protoplasm  that  lies  beneath  is 
left  as  a  clear  zone  or  band  which  stains  a  deep  blue  in  haematoxylin 
preparations.  The  impression  one  gets  when  the  centrifuged  eggs  are 
examined  is  that  in  some  of  the  inverted  eggs  the  protoplasm  and  oil 
have  been  carried  completely  to  the  centripetal  end  of  the  egg,  while 
in  others  it  has  not  yet  been  carried  so  far,  but  lies  at  the  side.  This 
impression  is  erroneous,  as  shown  by  continuing  the  centrifuging.  It 
is  then  found  that  the  conditions  have  not  changed,  but  the  same  pro- 
portion of  eggs  still  have  the  protoplasm  at  one  side.  In  fact,  the  shift 
takes  place  in  the  first  two  or  three  minutes.  The  explanation  is  that 
only  some  of  the  eggs  are  completely  inverted  at  the  start,  while  many 
of  them  lie  obliquely.  An  examination  of  the  "  inverted "  eggs  (in 
which  the  lobe  is  present)  in  the  gelatin  after  it  has  been  congealed  con- 
firms this  conclusion.  For  example:  eggs  that  had  been  "inverted' 
in  the  gelatin  which  was  then  solidified  by  cooling  were  observed  in  a 
dish  of  ice-water  under  the  microscope.  These  eggs  had  a  large  second 
polar  lobe,  which  made  it  possible  to  determine  their  orientation  in  the 
tube.  Before  centrifuging,  28  eggs  were  completely  reversed,  59  were 
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oblique,  and  2  were  not  reversed  at  all.  After  centrifuging  31  were 
recorded  as  completely  reversed,  2  not  at  all  reversed,  and  the  rest  were 
oblique  to  the  centrifugal  force  (some  of  these  lay  on  their  sides, 
Plate  II,  2).  This  means  that,  as  the  eggs  sink  in  the  gelatin  before 
it  is  frozen,  some  of  them  are  completely  inverted,  while  others  lie 
obliquely  and  are  centrifuged  in  this  position.  In  the  latter,  the  proto- 
plasm slides  along  one  side  of  the  egg  and  spreads  out  there.  The 
>ituation  can  be  more  accurately  described  by  saying  that  the  whole 
mass  of  yolk  moves  along  one  side,  viz.,  towards  the  centrifugal  pole, 
forcing  the  lighter  protoplasm  along  the  opposite  side,  i.e.,  toward  the 
centripetal  pole.  \Yhen  it  is  remembered  that,  unless  an  egg  is  per- 
fectly oriented  with  its  pole  outwards,  this  sort  of  shifting  is  expected 
to  take  place,  there  can  be  no  question  but  this  represents  the  actual 
situation  when  the  centrifugal  force  is  applied.  \Yhether  in  a  per- 
fectly reversed  egg  the  yolk  will  be  driven  through  the  center  of  the  e.^ 
and  the  protoplasm  around  the  sides  (as  a  ring),  or  whether  the  two 
materials  literally  pass  through  each  other  on  the  way  to  their  respective 
poles,  can  not  be  positively  asserted,  but  if  the  latter  happens  I  have 
seen  no  evidence  of  it.  Certainly  such  a  method  of  rearrangement  in 
the  egg  of  Ilyanassa  must  be  very  exceptional. 

In  other  kinds  of  eggs,  where  the  protoplasm  and  yolk  are  more 
generally  mixed,  it  is  believed  that  the  yolk  granules  pass  individually 
through  the  protoplasm  to  reach  the  centrifugal  pule  and  the  oil  drop- 
lets pass  in  the  opposite  direction.  This  may  be,  of  course,  what 
happens  in  such  eggs,  but  there  are  indications  in  some  of  them  at 
least,  especially  when  the  segmentation  spindle  is  present,  that  the 
protoplasmic  portion  tends  to  remain  more  or  less  intact,  and  is  shifted 
as  a  whole,  while  the  yolk  passes  along  one  side  toward  the  centrifugal 
pole.  However  this  may  be  for  other  eggs,  in  the  molluscan  egg  where 
the  two  regions  are  rather  sharply  defined,  the  rearrangement  takes 
place  by  the  shifting  of  polar  and  antipolar  materials  as  wholes  around 
and  not  through  each  other.  In  the  frog's  egg  also,  where  the  upper 
and  lower  hemispheres  an-  well  delimited,  there  is  evidence  that  when 
the  e^g  is  not  completely  inverted  the  regions  shift  around  each  other  as 
wholes  in  response  to  gravity. 

This  consideration  has  some  interest  in  connection  with  the  possible 
shifting  back  of  the  materials  that  are  incompletely  inverted  so  that  the 
pr.  'toplasin  returns  to  the  polar  end  of  the  egg,  as  Conklin  has  de- 
scribed for  (.'rcpiilnhi.  especially  in  cases  when'  the  polar  bodies  are 
given  off  at  the  pole  and  after  the  protoplasm  and  the  polar  spindle 
have  been  carried  away  from  this  region.  It  is  to  be  expected  that 
different  eggs  may  behave  differently  in  this  respect,  but  in  Jlyanassa 
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at  least  there  is  no  evidence  that  a  return  movement  takes  place  except 
to  a  minor  degree.  The  protoplasm  may  concentrate  around  its  new 
center  after  the  eggs  are  removed  from  the  machine,  and  may  he  sup- 
posed, if  the  centrifuging  is  not  complete,  to  concentrate  at  times  at  one 
side  of  or  even  in  the  polar  region;  hut  the  evidence  from  Ilyanassa 
gives  little  support  for  the  view  that  there  are  any  striking  readjust- 
ments of  this  kind.  When  eggs  with  much  yolk  concentrated  at  the 
antipole  are  centrifuged  in  mass  in  the  hottom  of  the  tube,  most  of 
them  will  lie,  at  first,  obliquely  to  the  centrifugal  force,  and  when  they 
are  not  free  (due  to  mutual  pressure)  to  orient  with  the  heavier  end 
outward,  the  rearrangement  of  the  contents  must  be  like  that  in 
Ilyanassa,  i.e.,  along  the  side.  As  I  have  said,  if  the  centrifuging  is 
only  partial  it  may  happen  sometimes,  when  the  greater  mass  of  the 
cytoplasm  remains  at  or  near  the  pole,  that  it  concentrates  again  near 
the  pole.  But  this  is  very  different  from  the  implication  that  there  is 
some  attracting  pole  "  force  "  that  brings  this  about.  The  viscosity  of 
the  interior  protoplasm  and  that  of  the  inner  layer  of  the  surface  of 
the  egg  may  account  for  whatever  rearrangement  takes  place. 

A  few  statements  additional  to  those  given  in  my  previous  paper 
may  be  made  with  respect  to  the  congealed  gelatin  technique.  By  using 
an  inner  tube  a  little  larger  and  longer  than  the  ones  used  before,  a 
longer  time  is  allowed  for  the  sinking  eggs  to  become  inverted,  and  a 
higher  percentage  of  the  eggs  are  reversed.  The  outer  large  glass 
centrifuge  tube  should  be  completely  filled  with  cracked  ice,  and  the 
inner  tube  imbedded  in  this  ice.  Some  of  the  ice  will  remain  unmelted 
for  about  five  minutes,  especially  if  the  brass  tube  of  the  centrifuge 
and  the  outer  glass  tube  are  cooled  beforehand.  When  a  longer  time 
is  needed,  the  centrifuge  can  be  stopped,  the  small  tube  containing  the 
eggs  taken  out,  and  a  new  supply  of  ice  added.  Since  the  eggs  are  in 
a  solid  medium  they  will  not  change  their  orientation  in  the  interval. 
It  is  important  that  the  smaller  tube  be  completely  filled  with  gelatin 
after  the  eggs  are  in  it,  so  that  when  the  forefinger  is  placed  over  it, 
and  the  tube  turned  over,  no  air  bubbles  are  left ;  for  if  present  they 
rise  through  the  gelatin  (then  liquid)  to  the  top,  when  the  tube  is 
turned  over,  and  when  the  centrifuging  begins  they  may  be  forced  back 
to  the  centripetal  end  and  disarrange  the  eggs.  A  little  sea  water  is 
left  with  the  eggs  at  the  bottom  of  the  tube  when  the  liquid  gelatin  is 
added  above  it  to  fill  the  tube  to  the  top.  The  eggs  will  not  sink 
quickly  out  of  this  water  into  the  gelatin  unless  the  inverted  tube  is 
violently  shaken  downwards.  This  starts  the  eggs  in  the  gelatin,  and 
also  breaks  up  clumps  of  eggs.  Once  started  they  will  slowly  sink  in 
the  gelatin  if  it  is  prevented  from  freezing  by  holding  the  other  hand 
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around  the  tube  at  this  time.  After  a  couple  of  minutes  the  eggs  will 
be  distributed  along  the  whole  length  of  the  tube.  Should  the  gelatin 
melt  in  the  tube  while  on  the  centrifuge,  the  eggs  may  become  oval, 
but  this  does  not  happen  as  long  as  the  gelatin  remains  congealed. 
Also,  in  removing  the  centrifuged  eggs  from  the  small  tube  it  is  im- 
portant not  to  deform  them  by  drawing  out  the  gelatin  too  rapidly 
before  it  is  liquid  again.  This  is  avoided,  after  warming  the  tube  in 
the  hands,  by  holding  the  tube  obliquely  with  the  open  end  under  warmed 
sea  water  in  a  flat  dish,  and  by  sending  small  bubbles  of  air  upward 
from  a  pipette  into  the  gelatin  to  replace  it.  The  eggs  slowly  pass  with 
the  gelatin  into  the  sea  water.  They  must  then  be  gently  agitated  to 
remove  the  gelatin  and  to  mix  it  with  the  sea  water,  which  is  then  with- 
drawn and  replaced  with  new  sea  water. 

The  nuclei  and  chromatin  of  the  early  stages  are  difficult  to  dif- 
ferentiate. After  Bouin's  solution  the  haematoxylin  preparations  are 
not  so  good  as  after  picrosulphuric  acid,  since  in  the  former  the  yolk 
holds  the  stain.  The  most  successful  preparations  were  stained  in  Conk- 
lin's  formula  for  Delafield's  haematoxylin,  viz..  by  diluting  it  six  times 
with  water  and  adding  one  drop  of  picrosulphuric  acid  to  each  10  cc. 
of  diluted  stain.  After  ten  minutes  in  the  stain  the  eggs  are  washed 
for  half  a  minute  or  less  in  acid-alcohol  diluted  to  one-fourth  with  70 
per  cent  alcohol,  then  run  up  through  the  alcohols,  etc.  to  balsam. 

The  Experiments 

Repeating  the  experiments  of  the  previous  year,  many  sets  of  eggs 
were  centrifuged  in  reverse.  Preparations  were  made  of  some  of  these 
to  detect  the  location  of  the  egg-chromatin,  the  sperm-pronucleus.  and 
the  polar  bodies.  In  eggs  newly  laid,  the  chromatin  was  always  found 
in  the  protoplasmic  zone.  Since  at  this  time  there  are  no  orienting 
points,  it  is  not  possible  to  state'  how  many  of  the  eggs  wrere  completely 
reversed.  In  some  cases  the  polar  bodies  were  seen  to  come  off  later  at 
the  side  of  the  clear  area,  but  it  is  uncertain  whether  or  not  these  are 
eggs  in  which  the  protoplasm  has  been  only  a  little  displaced,  and  the 
evidence  is  insufficient  to  show  that  the  polar  bodies  may  be  extruded 
at  the  side  when  the  protoplasmic  zone  has  been  carried  as  far  as  and 
into  the  antipolar  hemisphere.  Since  polar  bodies  were  seen  in  relatively 
lew  cases,  it  follows  that  they  are  not  always  given  off  whether  the  re- 
versal  i^  complete  or  onlv  partial.  The  volk-lobe  appeared  both  in  those 
partially  and  in  those  completely  reversed — the  latter  containing  all  or 
only  part  of  the  oil  at  the  antipode.  Some  of  the  records  of  these  eggs 
arc  as  follow 

Newly  laid  eggs  were  centrifuged  at  2.500  r.p.m.  for  10  minutes  in 
reverse  (new  ice  added  after  5  minutes).      In  the  control  the  first  polar 
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body  came  off  10  minutes  later.  The  second  polar  1><>dy  was  seen 
coming  off  the  side  of  the  clear  zone  in  some  of  the  centrifuged  eggs 
(Plate  II,  1).  When  the  second  lobe  appeared  it  was  evident  that  the 
protoplasm  in  many  eggs  lay  at  one  side  of  the  egg  (Plate  II,  2). 

Only  a  few  sets  of  eggs  were  centrifuged  in  reverse  before  the  first 
polar  spindle  had  come  to  the  surface,  since  these  stages  were  sufficiently 
examined  in  the  two  previous  summers'  work.  In  the  absence  of  the 
polar  bodies  or  polar  spindles  at  the  surface  there  are  no  points  by  which 
to  orient  the  true  antipolar  hemisphere.  In  some  cases,  as  reported  in 
1933,  polar  bodies  came  off  from  some  of  the  eggs,  that  were  only  par- 
tially reversed,  in  the  polar  hemisphere,  but  whether  exactly  at  the  pole 
or  near  the  pole  in  the  polar  hemisphere  could  not  be  definitely  stated. 
In  such  cases  the  second  lobe  evidently  came  off  at  the  antipole.  In 
eggs  completely  reversed  the  chromosomes  are  carried  into  the  antipolar 
hemisphere,  as  determined  by  the  location  of  the  second  lobe.  There 
were  no  cases  found  in  which  polar  bodies  were  present  in  that  hemis- 
phere. The  lobe  developed  as  in  the  other  cases.  The  new  experiments 
now  to  be  described  begin  with  stages  when  the  first  polar  spindle  was 
at  the  surface,  and  the  polar  body  about  to  be  extruded. 

These  experiments  with  eggs,  in  reverse,  at  the  time  when  the  first 
polar  body  or  the  second  polar  body  was  just  coming  off,  were  made  in 
order  to  see  whether  the  polar  spindle  remains  sticking  at  the  pole  when 
the  protoplasm  is  driven  to  the  side  or  to  the  antipole,  and  also  to  see,  if 
this  happens,  whether  the  second  lobe  forms  at  the  antipole.  The  results 
are  not,  on  the  whole,  satisfactory,  because  in  the  first  place  the  spindle 
was  carried  away  in  some  cases  with  the  protoplasm ;  in  other  cases  it 
remained  at  the  pole;  and  because,  in  the  second  place,  the  first  polar 
body  when  free  is  sometimes  lost  and  then  does  not  serve  as  a  marker, 
or  becomes  very  difficult  to  detect  in  eggs  that  are  reversed.  In  the 
eggs  that  were  not  reversed,  hence  have  the  pole  inwards,  the  polar  body 
remains  attached  as  a  rule,  and  stands  out  conspicuously  from  the  sur- 
face of  the  egg.  On  the  other  hand,  when  the  egg  is  reversed,  the  polar 
bodies  appear  often  to  be  lost,  or  become  difficult  to  detect  if  they  lie  at 
the  outer  end  of  the  reversed  egg,  or  at  the  sides  of  eggs  partly  reversed. 

A  set  of  newly  laid  eggs  was  centrifuged  at  2,500  r.p.m.  in  reverse 
for  5  minutes,  at  the  time  when  the  first  polar  body  was  just  out.  The 
second  lobe  appeared  19  minutes  later,  both  in  the  control  and  in  the 
centrifuged  eggs.  The  second  polar  spindle  was  then  at  the  surface 
just  below  the  polar  body.  Centrifuged  eggs  killed  at  once  showed  that 
the  first  polar  body  had  remained  at  the  pole.  In  eggs  not  reversed, 
Plate  II,  3,  it  was  above  the  polar  protoplasm;  in  eggs  completely  re- 
versed it  lay,  when  found,  opposite  the  oil  (Plate  II,  4)  ;  in  others 
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partly  reversed  (Plate  II,  6)  it  lay  at  the  side.  In  all  these  except  that 
shown  in  Plate  II,  5,  the  second  metaphase  plate  was  found  near  the  first 
polar  body. 

Three  other  sets  were  centrifuged  when  the  first  polar  body  was 
coining  off.  The  spindle  was  displaced  in  some  of  the  eggs  and  carried 
with  the  protoplasm  and  oil  even  to  the  antipole.  The  results  were  the 
same  as  in  the  last  case. 

Eggs  were  centrifuged  for  5  minutes  when  the  second  lobe  had  just 
appeared.  They  were  killed  as  soon  as  removed  from  the  machine. 
One  partly  reversed  egg  is  shown  in  Plate  IT,  7.  This  egg  had  lain  on 
its  side.  The  first  polar  body  is  at  the  pole  (possibly  this  is  the  second 
polar  body)  :  the  protoplasm  is  on  one  side  extending  into  the  lobe;  the 
egg-chromosomes  are  in  the  protoplasm  above  the  equator,  and  the 
sperm-nucleus  at  the  equator. 

Another  set  of  eggs  was  also  centrifuged  for  5  minutes,  just  as  the 
second  lobe  was  beginning.  Some  were  killed  and  stained  13  minutes 
later  (Plate  II,  8-10).  The  first  polar  body  was  present  at  different 
points  of  the  surface  with  respect  to  the  stratification ;  the  second  spindle 
in  metaphase  lay  just  below  it.  Here  the  second  spindle  had  not  been 
shifted  when  the  protoplasm  was  carried  to  the  side  or  even  to  the 
antipole.  In  both  cases  the  lobe  developed  later  at  the  antipole.  The 
protoplasm  had  not  moved  back  to  the  region  where  the  second  spindle 
lay  when  the  eggs  were  removed  from  the  machine. 

Eggs  were  centrifuged  for  5  minutes  in  reverse  after  the  first  polar 
body  had  been  extruded,  just  as  the  second  lobe  was  appearing.  Nine- 
teen minutes  later  the  lobe  was  fully  out.  The  oil  and  protoplasm  were 
either  in  it,  or  at  the  side  in  most  eggs.  When  the  lobe  contained  the 
oil,  it  was  later  constricted  off  as  a  rule.  When  protoplasm  and  oil 
were  at  the  side,  and  the  eggs  began  to  round  up,  the  lobe  was  not  con- 
stricted off  and  returned  to  the  egg.  The  third  lobe  appeared  in  these 
eggs,  even  when  it  contained  most  or  all  of  the  oil  field.  Later  still,  14 
eggs  divided  into  2  cells,  mostly  those  in  which  the  oil  was  at  the  side. 
Twenty-one  eggs  did  not  divide.  1 1  of  which  remained  spherical,  and 
1O  developed  lobes  (6  containing  yolk  and  4  oil).  It  is  probable  that 
the  spindle  had  remained  at  the  pole  in  these  eggs,  but  I  am  unable  to 
prove  this.  If  so,  it  may  not  have  been  in  position  to  induce  cleavage 
because  protoplasm  was  lacking,  or  because  the  sperm-nucleus  may  have 
been  si  i  far  removed  from  the  egg-chromatin  that  no  cleavage  spindle 
was  formed. 

Egg^  were  i-eiitrifuged  for  5  minutes  in  reverse  when  the  second  lobe 
was  coming  out.  It  was  still  present  when  the  eggs  were  removed  from 
the  centrifuge.  In  those  which  were  actually  reversed  the  oil  con- 
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stricted  off  later  and  remained  outside,  while  in  those  not  reversed  or 
partially  reversed  it  remained  as  part  of  the  egg.  When  the  third  lobe 
appeared  13  eggs  divided  at  one  side  (Plate  II,  11)  ;  7  with  oil  in  the 


30 


lobe  did  not  divide;  4  with  yolk  in  the  lobe   did  not  divide,   and   19 
remained  spherical. 

Eggs  were  centrifuged  in  reverse  when  the  second  lobe  was  halfway 
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out.  It  was  still  present  in  almost  all  of  the  eggs  when  taken  from  the 
centrifuge.  The  protoplasm  was  in  almost  all  of  the  eggs  at  the  side; 
in  one  it  was  in  the  lobe.  The  lobe  went  back  in  all  eggs,  and  reappeared 
later.  Three  eggs  are  represented  at  this  time  in  Plate  II,  12-14.  In 
these  the  polar  body  is  present  at  or  near  the  true  pole — the  lobe  is  at  the 
opposite  side,  the  protoplasm  and  oil  are  at  the  side,  the  chromosomes  are 
present  in  the  middle  of  the  protoplasm. 

Eggs  were  centrifuged  as  the  second  lobe  was  just  coming  out.  The 
lobe  was  well  out  13  minutes  later,  and  was  still  well  developed  10 
minutes  later.  Except  in  those  eggs  with  all  the  oil  in  the  lobe,  the  lobe 
went  back,  and  about  an  hour  later  the  third  lobe  appeared.  This  set 
was  killed  and  drawn  when  the  cleavage  was  coming  on  (Plate  IT,  15). 
In  15,  in  an  egg  not  reversed,  the  division  began  at  the  pole;  in  Plate  II, 
16,  17,  at  one  side;  in  the  others  the  nucleus  had  divided  (telophase, 
I 'late  II,  18)  but  the  protoplasm  had  not  constricted.  The  lobe  is  con- 
spicuous in  all  of  these. 

Eggs  with  large  third  lobes  were  centrifuged  for  5  minutes.  The 
controls  had  begun  to  divide  10  minutes  later.  At  this  time  in  four  of 
the  centrifuged  eggs  (Plate  IT,  19,  20)  the  oil  is  in  the  end  of  the  lobe, 
with  a  clear  protoplasmic  band  beneath.  The  yolk  is  in  the  polar  hemi- 
sphere. The  controls  were  in  two  cells,  10  minutes  later,  but  the  re- 
versed  eggs  did  not  show  indications  of  division  until  two  hours  after 
removal  from  the  centrifuge.  <  hie  hour  later  the  lobe,  when  it  con- 
tained the  oil,  constricted  off  from  the  rest  of  the  egg,  and  the  eggs 
began  to  cleave  at  or  near  the  point  at  which  the  oil  (now  constricted 
off)  is  present,  as  seen  in  Plate  IT,  21.  It  i>  into  this  region  that 
the  mitotic  figure  has  been  driven.  In  most  of  the  eggs  the  constriction 
cut  through  20  minutes  later,  dividing  the  egg  into  equal  or  nearly  equal 
parts.  Later  the  eggs  divided  irregularly.  It  will  be  noted  that  neither 
the  protoplasm  nor  the  yolk  moved  hack  to  the  pole  in  these  eggs — in 
fact,  the  cleavage  wa^  about  due  when  the  eggs  were  centrifuged. 

A  few  experiments  were  carried  out  in  reverse  when  the  eggs  were 
-tarting  to  divide  in  order  to  drive  the  mitotic  figure  into  the  antipolar 
hemisphere.  The  point  of  intercut  here  is  to  see  if  the  cleavage  begins 
at  the  pole,  or  at  the  new  location  of  the  spindle.  Four  reversed  eggs 
are  shown  in  Plate  II,  22-25.  In  J5.  part  of  the  oil  is  in  the  lobe  and 
part  in  the  antipolar  end  of  what  would  have  been  one  of  the  two 
blastomen--.  In  both  parts  there  is  a  clear  zone  next  to  this,  containing 
no  doubt  the  cliroinoMimes.  'fne  yolk  is  at  the  pole  near  the  two  polar 
bodies,  hi  J3  the  conditions  are  similar.  In  12  the  oil  is  in  the  lobe, 
but  the  clear  area  i-  at  the  side  of  the  bilobed  region.  In  24  the  oil  is 
in  the  lobe,  and  below  it  there  is  some  of  the  clear  protoplasm.  There 
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are  two  clear  zones  on  the  sides  of  this  egg.  Evidently  most  of  the  pro- 
toplasm of  the  dividing  egg,  already  separated  into  two  regions,  has  been 
driven  along  the  opposite  sides  of  the  egg.  The  individual  differences 
in  these  cases  are  due  in  part  to  the  stage  of  the  egg  at  the  time  of  centri- 
fuging,  and  in  part  to  the  angle  which  the  partially  reversed  egg  made 
with  the  centrifugal  force.  It  is  evident,  nevertheless,  that  the  lobe  still 
retains  its  shape,  more  or  less,  when  the  yolk  is  driven  out,  and  some  of 
the  oil  and  protoplasm  into  it,  even  after  the  egg  is  r,emoved  from  the 
semi-solid  jelly.  Ten  minutes  later  the  condition  of  four  eggs  is  shown 
in  Plate  II,  26-29.  In  28  the  egg  has  begun  to  divide  at  the  side;  the 
lobe  contains  the  oil ;  in  26  the  division  is  incomplete ;  in  27  the  cleavage 
furrow  begins  near  the  antipole  'where  the  remains  of  the  lobe  containing 
most  of  the  oil  is  present.  No  new  lobe  is  formed  opposite  the  cleavage 
furrow — i.e.,  at  the  true  pole.  In  29  the  division  was  suppressed,  the 
protoplasm  is  on  opposite  sides,  the  oil  is  in  the  lobe. 

Eggs  in  the  late  two-cell  stage  were  centrifuged  for  six  minutes  at 
1,840  r.p.m.  in  reverse.  The  two  cells  were  stratified  independently  of 
each  other  without  altering  to  any  great  extent  the  shape  of  the  cells  (as 
shown  in  Plate  II,  30),  except  in  so  far  as  the  polar  end  of  the  larger 
cell,  out  of  which  the  yolk  was  driven,  became  broader  and  the  antipolar 
end  more  pointed — the  reverse  of  the  previous  condition. 

These  results,  with  eggs  about  to  divide,  show  the  stability  of  the 
form  of  the  egg  during  centrifuging  in  the  jelly.  This  is  perhaps  to  be 
expected,  since  the  egg  is  held  in  a  solid  medium.  On  the  other  hand, 
when  the  gelatin  is  melted  and  the  eggs  are  returned  to  sea  water  they 
retain  the  same  form  despite  the  new  distribution  of  the  interior  mate- 
rials. It  appears  that  the  form  is  determined  by  the  surface  layer  that 
is  affected  very  little  or  not  at  all  by  the  centrifuging.  The  results  show 
that  the  normal  cleavage  furrow  fails  to  develop  when  the  protoplasm 
and  the  mitotic  figure  are  driven  from  the  pole.  Later  a  furrow  may 
appear  above  the  secondary  position  of  the  mitotic  spindle.  But  in  the 
last  category  there  were  no  cases  where  the  furrow  cut  through  the 
center  of  the  lobe  of  the  egg,  which  remained  at  one  side  or  was  elim- 
inated with  the  oil  field.  This  indicates  that  the  surface  of  the  antipolar 
region  of  the  egg  is  different  from  the  surface  of  the  rest  of  the  egg,  a 
conclusion  in  harmony  with  other  results  described  in  my  previous 
paper. 


THE  SEPARATION  OF  THE  EGG  OF  ILYANASSA  INTO 
TWO  PARTS  BY  CENTRIFUGING 

T.  H.  MORGAN 

(I'rom  the  U'illiom  G.  Kcrckhoff  Laboratories  of  the  Biological  Sciences, 
California   Institute   of   Technology,  Pasadena) 

Before  giving  the  detailed  experiments,  in  which  the  top  of  the  egg 
(the  polar  region)  is  separated  from  the  bottom  (the  antipolar  region) 
bv  means  of  centrifuging  in  sugar  solutions  of  various  compositions,  a 
few  general  points  may  be  mentioned. 

The  relative  size  of  the  tops  that  come  off  depends  in  part  on  the 
condition  or  stage  of  the  egg  at  the  time  of  centrifuging,  but  largely  on 
the  medium  in  which  the  egg  is  centrifuged.  In  an  isosmotic  cane  sugar 
solution,  or  even  in  stronger  solutions,  the  tops  are  usually  small.  In 
a  nearly  saturated  solution  of  raffinose  the  tops  are  generally  quite 
large,  and  contain  nearly  all  the  protoplasm  of  the  egg. 

The  spermatozoon  enters  the  normal  egg  at  any  point  on  the  sur- 
face. It  is  not  easy  to  demonstrate  the  sperm-head  in  the  newly  laid 
egg,  for  as  long  as  it  lies  at  the  surface  of  the  egg  it  is  quite  small.  At 
the  time  of  extrusion  of  the  polar  bodies  it  is  easier  to  find,  since  the 
sperm-head  is  larger,  but  it  is  still  at  the  surface.  The  sperm-head 
enters  the  upper  hemisphere  more  frequently  than  the  lower.  It  does 
not  sink  deep  into  the  protoplasm  until  after  the  second  polar  body  is 
out.  In  newly  laid  eggs  the  germinal  vesicle  is  sometimes  present,  but 
more  often  it  is  just  breaking  down  when  its  large  nucleolus  is  set  free 
in  the  protoplasm  and  may,  without  some  experience,  be  easily  mistaken 
for  the  sperm-pronucleus  at  this  time.  The  nucleolus  disappears,  how- 
ever, before  the  sperm-nucleus  approaches  the  egg-pronucleus. 

In  the  centrifuged  egg  the  sperm-nucleus  is  carried  to  the  inner  pole 
and  lies  in  tbc  protoplasm  there,  or  on  the  border  of  the  oil  field.  It 
is  generally  driven  off  with  the  protoplasm  and  oil  when  the  top  is 
large.  I  have  seen  very  few  cases  where  it  is  left  with  the  bottom  when 
a  large  part  of  the  upper  half  of  the  egg  has  constricted  off.  Since 
the  sperin-pronucleus  may  lie  at  first  in  any  part  of  the  egg,  it  is  rather 
surprising  that  it  appears  always  (?)  to  be  carried  to  the  centripetal 
end.  In  some  other  eggs,  Urcchis,  for  instance,  the  condensed  sperm- 
head  is  heaxier  than  the  rest  of  the  egg  and  is  found  most  olten  near  the 
pigment  pole;  but  in  / lyainissu  it  is  lighter  and  remains  with  the  proto- 
plasm. When  a  large  top  is  thrown  off  it  sometimes  contains  both  the 
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egg-chromatin  and  the-  sperm-pronucleus,  since  it  gives  off  polar  bodies 
and  in  many  cases  divides  later.  Such  tops  may,  however,  contain 
only  the  egg-chromatin.  These  give  off  polar  bodies  but  do  not  divide. 
Here  the  sperm-nucleus  appears  to  be  absent,  either  because  it  is  driven 
out  of  the  top  (with  some  of  the  oil),  or  because  it  is  left  behind  in 
the  bottom.  Larger  tops  divide  more  often  than  smaller  ones.  Con- 
versely, when  only  a  small  top  is  driven  off,  it  may  contain  the  sperm- 
nucleus,  leaving  the  egg-pronucleus  in  the  bottom.  Under  these  condi- 
tions the  bottom  is  not  expected  to  divide,  since  it  lacks  the  sperm-center. 
Such  bottoms  I  have  found  in  stained  preparations.  They  produce 
lobes  that  are  like  the  normal  second  lobe  in  every  respect,  and  the 
lobe  is  better  developed  than  the  lobes  of  small  bottoms  that  lack  all 
chromatin.  Many  bottoms  do  not  contain  any  of  the  egg-chromatin. 
Nevertheless,  as  will  be  described,  they  too  form  lobes.  I  have  not 
succeeded  in  identifying  any  bottoms  that  had  lost  the  egg-chromatin 
but  retained  the  sperm-nucleus.  Some  such  bottoms  are  perhaps  to  be 
expected,  especially  when  the  sperm  happens  to  enter  the  antipolar 
hemisphere.  I  had  hoped  to  identify  monospermic  fragments  by  the 
reduced  number  of  chromosomes,  but  owing  to  the  smallness  of  the 
chromosomes  I  have  not  succeeded  in  counting  them.  The  possible 
occurrence  of  such  bottoms  does  not  affect  the  main  issues  raised  here. 

CENTRIFUGING  IN  CANE  SUGAR  SOLUTION 

Eggs  taken  from  a  capsule  that  is  just  being  laid  were  centrifuged 
at  2,680  r.p.m.  for  9  minutes  in  a  cane  sugar  solution  consisting  of  450 
gm.  sugar  in  one  liter  of  tap  water.  The  tops  consisted  of  an  oil  cap, 
a  clear  zone,  and  a  little  fine  yolk  beneath  (Plate  I,  2).  The  tops  were 
much  smaller  than  the  bottoms  (Plate  I,  1).  In  the  control  the  second 
lobe  began  17  minutes  later,  and  in  the  tops  the  first  polar  body  was 
coming  off  when  removed,  or  a  little  later.  It  comes  off  usually  at  one 
side  of  the  oil  (Plate  I,  4)  or  near  its  center.  No  lobes  appear  in  the 
tops  at  any  time.  The  controls  divided  3  hours  after  the  eggs  were 
laid.  Half  of  the  tops  divided  at  about  this  time  into  equal  cells. 
They  went  into  a  four-cell  stage  one  hour  and  12  minutes  later  (Plate 
I,  6)  and  after  one  hour  and  38  minutes  into  8  cells  with  micromeres 
(Plate  I,  7).  The  bottoms  had  gone  to  pieces  (absorbed  water)  in 

this  set. 

•> 

In  another  set,  just  laid,  the  eggs  were  centrifuged  in  the  same 
solution  for  7  minutes  at  2,680  r.p.m.  The  tops  were  larger  than  in 
the  last  set  (compare  Plate  I,  14  and  Plate  I,  4).  The  bottoms  were 
drawn  out  (Plate  I,  8-9)  with  a  neck  containing  clear  protoplasm. 
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Polar  bodies  came  off  from  the  tops;  none  from  the  bottoms.  The 
tops  divided  after  three  hours  and  45  minutes,  when  the  controls  were 
going  into  four  cells.  The  bottoms,  with  no  polar  bodies  or  nuclei, 
elongated  and  formed  a  lobe-like  bulge  (  Plate  I,  10-12)  in  three  hours 
and  42  minutes  which  partially  returned  in  an  hour.  Later  the  bot- 
toms assumed  the  shape  drawn  in  Plate  I,  15-16,  with  a  lobe-like  anti- 
polar  portion  and  a  clear  region  at  the  opposite  end  with  a  nipple-like 
protrusion.  No  division  took  place. 

In  another  set  centrifuged  for  8  minutes  at  more  than  3,000  r.p.m. 
the  tops  were  small  and  clear  (Plate  I,  18).  The  oil  had  been  driven 
out  of  them.  Two  of  these  divided  later  (Plate  I,  19)  into  two  and 
then  into  four  cells.  The  bottoms  were  relatively  large  and  produced 
lobes  (Plate  I,  20-21). 

Newly  laid  eggs  were  centrifuged  one  hour  and  20  minutes  before 
the  second  lobe  appeared.  The  tops  were  few  and  small,  Plate  I,  23; 
the  bottoms  conspicuously  large,  Plate  I,  22 ;  and,  as  the  sequel  showed, 
half  of  them  retained  the  nuclei,  presumably  both  egg-  and  sperm-pro- 
nuclei.  When  removed  it  was  evident  that  some  protoplasm  had 
remained  with  the  bottom.  All  the  bottoms  developed  a  lobe,  which 
later  retreated  both  in  those  with  and  those  without  nuclei.  In 
these  bottoms,  presumably  the  ones  without  nuclei,  the  lobe  was  less 
marked.  Those  without  chromatin  became  spherical,  and  after  two 
hours  developed  good  lobes,  Plate  I,  24.  Fifty  minutes  later  they  were 
spherical  again,  and  an  hour  later  lobes  again  appeared  (Plate  I,  25- 
26).  Once  more  they  became  spherical,  but  were  not  further  observed. 
It  is  obvious  that  when  more  of  the  protoplasm  had  been  left  in  the 
bottoms  they  underwent  a  succession  of  lobe  formations  more  con- 
spicuously than  when  more  of  the  protoplasm  was  removed.  Stained 
preparations  showed  no  elimination  of  chromosomes  (i.e.,  polar  bodies) 
in  these  bottoms. 

In  another  set  the  tops  were  not  found  at  the  surface,  but  were  in 
the  outer  end  of  the  tube  mixed  with  the  bottom,  and  attached  by  thin 
threads  to  the  yolk  portion.  The  tops  were  no  doubt  about  to  separate. 
Some  of  the  bottoms  had  long  protoplasmic  extensions  (Plate  I,  27) 
which  retracted  later.  As  the  subsequent  development  showed,  some 
of  the  bottoms  segmented  normally,  although — and  this  is  significant— 
they  did  not  give  off  polar  bodies.  In  the  normal  control,  polar  lobes 
were  present  one  hour  and  17  minutes  after  the  other  eggs  had  been 
centrifuged.  The  relative  size  of  the  tops  and  bottoms  are  shown  in 
Plate  I,  28  31.  Of  the  tops,  7  divided,  11  did  not;  and  of  the  bot- 
toms, 8  did  not  divide  and  17  did  so.  This  gives  approximately  the 
ratio  of  the  bottoms  that  retained  the  sperm-nucleus  and  those  that 
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did  not.  The  bottoms  that  did  not  divide  had  lobes  (Plate  I,  32) 
present  two  hours  later.  At  this  time  some  of  them  showed  a  con- 
spicuous accumulation  of  protoplasm  at  the  polar  end;  others  were 
spherical  with  a  protoplasmic  cap.  The  lobes  of  the  bottoms  slowly 
retracted ;  the  bottoms  remained  in  a  spherical  form  for  one  hour,  and 
after  25  minutes  small  lobes  appeared  on  two  of  them  but  not  on  a 
third.  Stained  preparations  (Plate  I,  33)  showed  no  chromatin  present 
in  these  bottoms.  The  centrifuged  eggs  that  had  divided  were  then 
in  the  resting  two-cell  stage. 

At  the  same  time  that  the  last  set  was  centrifuged,  eggs  from  the  next 
capsules  in  series  were  rotated  in  the  opposite  arm  of  the  centrifuge. 
The  second  lobe  formed  in  these  at  about  the  same  time  as  in  the 
former.  Many  tops  were  present,  and  most  of  the  bottoms  were  flat- 
tened and  disintegrating  (absorbing  water).  The  few  that  remained  are 
described  below.  They  were  smaller  than  the  whole  egg  and  developed 
lobes  at  the  same  time  as  the  controls  (one  hour  and  40  minutes  after 
centrifuging).  Forty-three  minutes  later  they  became  spherical,  and  40 
minutes  later  lobes  reappeared.  Forty-five  minutes  later  they  were 
again  spherical  (one  in  division).  Two  of  the  tops  divided  at  the  same 
time,  and  8  did  not.  Later,  5  tops  were  in  four-cell  and  4  had  not 
divided,  although  polar  bodies  were  on  them,  meaning  that  the  egi;- 
nucleus  was  present,  but  the  sperm-nucleus  had  gone  off  with  the  oil. 
Forty  minutes  later  the  bottoms  were  spherical. 

Several  other  sets  were  followed,  but  gave  no  results  differing  from 
the  preceding  ones.  In  some  of  the  sets,  325  gm.  sugar  to  one  liter 
water  was  used;  in  others  374  gm.  sugar.  In  general,  when  the  bottoms 
divided,  the  tops  did  not,  whether  lar-e  or  small,  which  means  that  the 
chromatin  had  remained  in  the  bottoms  and  presumably  the  male  pro- 
nucleus  also. 

A  set  of  eggs  was  centrifuged  for  5  minutes  at  2,680  r.p.m.  In  the 
control  the  first  polar  body  came  off  one  hour  and  27  minutes  later. 
There  were  many  tops.  The  bottoms  had  a  protoplasmic  extension 
when  removed.  About  half  of  the  bottoms  gave  off  polar  bodies. 
Lobes  were  present  in  the  bottoms  two  hours  and  36  minutes  after 
i-entrifuging,  and  30  minutes  later  some  of  them  divided.  The  bottoms 
that  did  not  divide  had  good  lobes  (Plate  I.  34).  One  hour  and  13 
minutes  later  8  tops  had  not  divided  and  7  had  divided  (Plate  I,  35) 
mraning  that  the  sperm-nucleus  was  absent  in  half  of  them.  Of  the 
bottoms.  31  divided  (some  with  polar  lobes),  others  not.  Later,  the 
latter  became  spherical;  3  tops  divided  into  four-cell;  3  did  not  divide. 
An  hour  later  the  undivided  bottoms  had  a  protoplasmic  /one  (Plate  T, 
36-37)  with  a  nipple-like  protoplasmic  extension,  and  an  hour  later, 
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when  killed,  a  broad  zone  of  protoplasm,  which,  as  shown  in  stained 
preparations,  did  not  contain  any  chromatin. 

CENTRIFUGING  IN  RAFFINOSE  SOLUTIONS 

In  all  later  experiments  a  solution  of  raffinose  was  used  in  place  of 
the  cane  sugar  solution.  At  first  3.5  gm.  of  raffinose  to  25  cc.  tap  water 
was  used.  Later  7  gm.  was  used,  which  gave  better  results.  After 
dissolving  the  raffinose  on  a  water  hath  at  45°  C.  it  made  a  thick  syrup. 
The  eggs  were  added  with  a  little  sea  water  at  the  top  of  the  small 
centrifuge  tube  filled  with  raffinose.  In  the  3.5  gm.  and  5  gm.  solutions 
the  eggs  sank  to  the  bottom ;  in  the  7  gm.  solution  they  stayed  at  the  top, 
but  were  driven  to  the  bottom  on  centrifuging.  The  stronger  solutions 
gave  larger  tops.  Nearly  all  of  these  sets  were  centrifuged  as  soon  as 
laid.  After  10  minutes  centrifuging  at  2,500  r.p.m.  the  tops  were  float- 
ing near  the  surface  or  just  below  it.  The  bottoms  were  in  the  cen- 
trifugal end  of  the  tube,  and  generally  flattened  against  the  glass.  The 
tops  were  often  as  large  as,  or  even  larger  than,  the  bottoms.  There 
were  individual  differences  in  different  sets  due  to  the  stage  of  the  eggs 
when  laid,  and  probably  also  to  differences  in  the  viscosity  of  the  eggs 
of  different  individuals. 

Eggs  were  centrifuged  for  10  minutes  at  2,500  r.p.m.  and  gave  many 
rather  small  elongated  tops  that  rounded  up  later  (Plate  II,  3).  The 
second  lobe  developed  after  two  hours  in  the  control,  and  also  in  the 
large  bottoms  (Plate  II,  2)  but  no  bottoms  showed  polar  bodies.  An 
hour  and  a  half  later  lobes  appeared  again  (Plate  II,  4).  Half  of  these 
bottoms  (16)  cleaved,  and  half  remained  spherical  without  dividing. 
Twenty  minutes  later  lobes  were  present  on  the  bottoms  that  had  not 
divided.  Some  of  the  tops  had  divided.  Twenty-four  bottoms  in  all 
cleaved.  It  is  clear  here  that  the  pronuclei  had  not  been  driven  off  into 
the  tops  in  most  cases.  It  is  also  evident  that,  since  no  polar  bodies 
came  off  either  in  those  that  divided  later  or  in  those  that  did  not,  the 
chromosome  groups  in  one  or  the  other  kind  of  bottoms  must  have  been 
tetraploid  or  pentaploid.  The  bottoms  that  divided  presumably  had 
both  egg  nucleus  and  sperm  pronucleus. 

In  the  following  experiments  a  different  solution  of  raffinose  was 
used.  To  twelve  drops  of  raffinose  (7.5  grams  of  raffinose  to  25  cc.  of 
tap  water)  were  added  three  drops  of  tap  water.  Experience  showed 
that  this  mixture  gave  more  and  better  tops. 

When  removed  from  the  centrifuge  many  of  the  tops  from  the 
raffinose,  like  those  from  cane  sugar,  are  elongated  with  pointed  ends, 
but  some  of  the  tops  are  more  rounded.  Later,  in  sea  water,  they  be- 
come spherical,  or  nearly  so.  Sometimes  the  middle  of  the  elongating 
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middle  part  of  the  egg  also  constricts  off  after  the  tops  have  separated, 
giving  pieces  of  various  sizes  here  spoken  of  as  "  middles."  They  con- 
tain some  or  all  of  the  protoplasmic  part  of  the  egg.  These  also  round 
up  later.  They  contain  no  oil  and  often  no  nucleus,  which  goes  with 
the  tops.  The  tops  contain  all  or  part  of  the  oil,  and  the  more  deeply 
stained  protoplasm  in  which  the  chromosomes  are  frequently  present. 
Rarely  the  sperm-nucleus  can  he  identified  in  the  tops.  Generally  it 
cannot  be  found.  Since  man}-  of  the  tops  divide  later,  there  can  he  no 
doubt  that  the  sperm-nucleus  is  in  them.  Some  of  the  oil  may  be  driven 
out  of  the  top.  A  globule  of  oil  is  seen  not  infrequently  outside  the  apex 
of  the  top.  Of  the  many  sets  centrifuged  in  raffmose  only  a  few  typical 

M 

examples  need  be  described. 

Eggs  centrifuged  for  10  minutes  in  raffmose  at  2,500  r.p.m.,  thirty 
minutes  before  the  second  lobe,  gave  off  tops  that  were  nearly  the  same 
size  as  the  bottoms  (Plate  II,  5-9).  Some  tops  were  not  yet  off  when 
removed  from  the  machine.  Some  of  the  tops  divided  later  into  two 
cells.  Some  of  the  larger  bottoms  that  retained  protoplasm  and  chro- 
matin,  but  gave  off  no  polar  bodies,  became  lobed  (Plate  II,  6)  ;  others 
that  were  small  without  protoplasm  remained  spherical  at  this  time.  At 
the  eight-cell  stage  the  tops  gave  off  micromeres,  apparently  in  a  dextro- 
spiral  (Plate  II,  8-9).  The  small  bottoms,  when  stained,  were  found 
to  contain  no  protoplasm  or  chromatin  at  the  apical  end. 

Another  set  of  eggs  was  centrifuged  for  10  minutes  at  2,500  r.p.m. 
in  raffinose.  \Yhen  removed,  many  of  the  tops  were  separating  (Plate 
II,  10).  Some  of  the  tops  were  as  big  as  the  bottoms.  Later  16  tops 
divided  into  two  cells  (Plate  II,  12),  and  8  did  not  divide.  The  bottoms 
were  constricted  in  the  middle  at  this  time  (Plate  II,  11).  Each  had  a 
slightly  granular  apical  end.  Stained  preparations  showed  that  there 
was  no  visible  chromatin  in  the  bottoms.  The  dividing  tops  (18)  went 
into  four  equal  cells  and  then  into  eight  cells  with  micromeres.  No  lobes 
appeared  in  the  tops.  Ten  did  not  divide.  After  2  hours  and  45  min- 
utes the  bottoms  still  showed  the  constrictions,  i.e.,  they  had  not  rounded 
up. 

Another  set,  centrifuged  for  5  minutes  at  2,500  r.p.m.,  gave  some 
good  tops,  but  the  separation  had  not  been  complete  in  some  of  the 
bottoms  as  seen  alive  (Plate  II,  13-14).  These  show  well  the  method 
of  constricting  the  upper  from  the  lower  half  of  the  egg.  When  pre- 
served (Plate  II,  15-18)  a  plate  of  chromosomes  was  found  near  the 
end  of  the  clear  protoplasm  and  beneath  the  oil. 

Eggs  centrifuged  for  15  minutes  at  2,500  r.p.m.  gave  nearly  equal 
tops  and  bottoms.  Nine  tops  went  into  two  cells  after  3  hours  and 
fifteen  minutes;  16  bottoms  became  constricted;  others  not.  Thirty- 
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five  minutes  later  12  tops  were  in  two  cells,  33  had  not  divided;  12 
bottoms  were  constricted,  46  not.  Forty  minutes  later  2  tops  were  in 
4  cells;  16  bottoms  were  constricted;  the  rest  were  spherical.  Twenty- 
one  minutes  later,  12  bottoms  were  constricted,  the  rest  spherical,  and  3 
tops  were  in  the  four-cell  stage.  Thirty  minutes  later,  3  bottoms  were 
slightly  constricted,  the  rest  spherical ;  the  tops  were  in  four  cells.  Nine- 
teen minutes  later  2  tops  were  in  eight  cells ;  one  was  still  in  two  cells ; 
the  bottoms  were  as  before. 

Eggs  centrifuged  for  10  minutes  gave  large  tops  that  were  about  the 
same  size  as  the  bottoms  (Plate  IT,  19-21).  A  few  bottoms  had  not 
pinched  off  from  the  tops  (Flak-  II,  23,  25,  26).  One  and  a  half  hours 
later,  20  tops  had  polar  bodies ;  the  larger  bottoms  (without  polar  bodies) 
had  lobes ;  16  middles  had  no  oil  and  no  polar  bodies ;  22  small  bottoms 
were  spherical.  Two  and  one-half  hours  later  13  tops  were  in  two  cells 
(Plate  II,  22),  and  the  bottoms  were  constricted ;  the  latter  showed  some 
protoplasmic  material  at  the  apical  end.  An  hour  later  the  bottoms  were 
still  constricted  and,  after  another  30  minutes,  20  tops  were  in  four  cells ; 
8  big  ones  had  not  divided  ;  one  middle  had  divided  into  three  cells ;  the 
smaller  middles  had  not  divided.  At  this  time  5  bottoms  were  spherical 
and  2  were  constricted. 

CENTRIFUGED  IN  SEA  WATER 

Newly  laid  eggs  were  taken  from  the  capsule  and  centrifuged  in 
sea  water  at  2,500  r.p.m.  for  5  minutes,  and  again  for  4  minutes.  They 
were  flattened  on  the  bottom  and  stratified,  but  the  tops  did  not  come 
off.  The  yolk  burst  when  an  attempt  was  made  to  dislodge  the  eggs. 
Another  lot  was  centrifuged  at  more  than  3,000  r.p.m.  for  10  minutes: 
the  eggs  were  stuck  to  the  ijass  and  could  not  be  removed  even  after 
an  hour.  No  tops  had  come  off. 

CENTRIFUGED  INSIDE  THE  CAPSULE 

Inside  the  capsule  the  eggs  are  imbedded  in  a  sticky  jelly.  When 
'•'•ntrifngrd  in  the  capsule  the  eggs  collect  in  a  plate  of  cells,  and  if 
crowded  become  columnar  in  shape.  The  oil  comes  off  as  small  globules 
that  do  not  contain  chromatin.  They  float  to  the  end  of  the  capsule 
opposite  tin-  mass  of  eggs  and,  when  the  capsule  is  opened,  to  the  top  of 
the  water.  Xone  of  these  oil-tops  divide. 

Xewlv  laid  eggs  were  centrifuged  inside  the  capsule  for  12  minutes 
at  about  3,(KK)  r.p.m.  The  capsule  was  opened  under  picrosulphuric 
acid.  Most  of  the  bottoms  were  stuck  to  the  wall  and  came  off  in  a 
lump.  The  stained  bottom>  had  a  clear  outer  end  (stained  blue).  The 
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chromatin  was  in  this  region.     This  "  middle  "  part,  if  pinched  off  or 
broken  off,  contained  a  metaphase  spindle. 

Other  similar  eggs  were  centrifuged  for  10  minutes  at  more  than 
3,000  r.p.m.  All  were  in  a  lump  at  the  bottom  of  the  capsule,  arranged 
in  a  palisade,  with  inner  pointed  clear  ends.  Sixty  oil-tops  were 
counted.  The  capsule  was  opened  after  1%  hours.  Many  large  mid- 
dles were  found  which  an  hour  later  divided  into  two  equal  cells.  Some 
of  the  bottoms  did  not  divide ;  others  divided. 

Eggs  were  centrifuged  in  the  capsule  for  10  minutes  at  2,980  r.p.m., 
and  then,  since  only  some  of  the  oil-tops  were  off,  for  5  minutes  more. 
All  of  the  oil-tops  were  off,  i.e.,  that  region  from  which  the  normal  polar 
bodies  come,  and  the  bottoms  were  flattened  against  the  capsule,  and 
against  each  other.  After  about  an  hour  the  capsule  was  opened.  Af- 
ter another  hour  nearly  all  the  middles  were  pinching  off  (Plate  III, 
1-5).  Each  contained  a  little  oil.  the  rest  was  clear  protoplasm.  Seven 
minutes  later  these  were  killed  and  stained.  Except  for  one  middle,  no 
polar  bodies  were  present,  but  a  large  nucleus,  or  two  or  three  smaller 
ones,  was  present  in  the  protoplasm  (Plate  III,  1-4),  or  in  the  neck  of 
the  protoplasm.  These  late-developing  middles  might  be  regarded  as 
polar  bodies,  but  if  so  it  is  only  because  some  of  the  chromatin  at  the 
time  when  the  polar  bodies  are  due  to  develop  happens  to  lie  within  the 
protrusion  of  protoplasm  that  may  or  may  not  pinch  off.  In  fact,  all 
the  chromatin  may  come  to  lie  in  the  protrusion  as  a  large  vesicle.  It 
is  probable  that  when  these  bottoms  were  killed  the  first  division  was 
about  to  come  on. 

Eggs  were  centrifuged  for  10  minutes  at  2,500  r.p.m.  The  oil 
tops  were  off  most  of  the  eggs.  One  hour  and  twenty  minutes  later 
the  eggs  showed  the  second  lobe  ;  some  had  one  polar  body  out  (Plate  III, 
10)  ;  others  did  not  show  any  polar  body  (Plate  III,  9),  and  others  had 
a  clear  middle  still  attached  (Plate  III,  6-8).  An  hour  and  23  minutes 
later  the  eggs  were  about  to  divide  (Plate  III,  6-7).  The  yolk  lobe  was 
constricted.  Some  eggs  had  large  middles  attached.  Eighteen  minutes 
later  the  eggs  were  about  to  divide,  and  were  killed  and  stained.  Some 
of  the  eggs  divided  regularly  into  two  cells  with  a  lobe :  one  had  two 
polar  bodies ;  one  egg  had  a  dividing  nucleus,  half  in  the  middle,  half  in 
the  bottom.  If  this  is  a  cleavage  figure,  the  middle  is  a  blastomere  rather 
than  a  polar  body.  Another  divided  egg  had  a  middle  (with  a  faint 
mass  of  chromatin)  which  might  possibly  be  called  a  polar  body. 

Eggs  were  centrifuged  for  ten  minutes  at  2,980  r.p.m.  The  oil-tops 
came  off.  The  bottoms  were  compressed  into  hexagons  against  the  wall 
of  the  capsule.  When  they  had  rounded  somewhat  the  capsule  was 
opened  (one  hour  and  13  minutes  later).  No  polar  bodies  were  seen 
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except  in  two  eggs.  Several  middles  constricted  off  (Plate  III,  11-15). 
Each  contained  a  nucleus  (Plate  TIT,  11,  13.  15).  Tn  some  of  the  bot- 
toms a  clear  middle  was  still  partly  constricted  off  and  may  have  con- 
tained a  nucleus  in  only  the  clear  part.  Possibly  these  middles,  too, 
might  be  interpreted  as  polar  bodies. 

Centrifuged  for  10  minutes  at  more  than  3,000  r.p.m.  many  eggs 
after  two  hours  constricted  off  the  middles  (Plate  ITT,  16-20).  Some 
middles  were  entirely  free,  others  were  attached.  The  second  lobe  was 
present  in  eggs  killed  two  hours  after  centrifuging  (Plate  III,  20).  No 
polar  bodies  were  given  off,  but  the  second  anaphase  spindle  was  present 
in  most  eggs.  Metaphase  spindles  were  present  either  in  the  middles 
(Plate  III,  16),  or  in  the  constriction  between  the  middle  and  the  bot- 
tom (Plate  III,  17-18),  or  in  the  bottom  (Plate  III,  19).  Whether 
these  middles  should  be  called  polar  bodies  seems  doubtful. 

In  one  set  centrifuged  for  20  minutes  at  2,680  r.p.m.  the  eggs  were 
compressed  into  three  clumps  against  the  capsule.  An  hour  later  they 
had  separated  somewhat,  and  two  hours  later  were  removed  from  the 
capsule,  killed,  and  stained.  In  all  of  them  the  second  lobe  was  present. 
The  condition  of  the  eggs  is  shown  in  Plate  III,  21-25.  Most  eggs  had 
no  free  polar  bodies.  Several  had  attached  middles.  Two  of  these 
had  chromatin  in  them.  The  second  spindle,  in  anaphase,  was  present 
in  some  of  the  eggs.  One  egg  had  a  first  polar  body  attached  to  the 
middle  (Plate  III,  22).  In  another  it  was  attached  to  the  egg  (Plate 
III,  23)  and  below  it  an  anaphase  spindle. 

CONCLUSIONS 

The  preceding  experiments,  concerning  the  development  of  the  sec- 
ond and  third  lobes  in  eggs  from  which  the  tops  or  middles  have  been 
centrifuged  off,  may  be  compared  with  the  rhythmic  behavior  of  the 
isolated  third  lobe  described  in  a  preceding  paper  (1933).  There  are 
several  categories  of  cases.  More  or  less  of  the  protoplasm  may  be 
present  in  the  tops  or  in  the  middles.  Accordingly,  the  sperm-nucleus 
and  the  egg-nucleus  may  be  both  removed  from  the  bottoms.  Again, 
only  the  sperm-nucleus  may  be  removed  and  the  chromatin  of  the  egg- 
nucleus  may  remain  in  the  bottom.  This  chromatin  may  consist  of  only 
the  reduced  egg-chromatin  (if  the  polar  bodies  have  been  given  off),  or 
the  egg-chromatin  may  have  divided  in  the  egg  without  being  reduced 
by  the  extrusion  of  the  polar  bodies  (giving  a  triploid,  tetraploid  or 
pentaploid  group).  There  is  the  further  possible  case,  viz.,  the  egg- 
chromatin  being  thrown  out  in  the  top  while  the  sperm-nucleus  remains 
in  the  bottom. 
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The  evidence  concerning  the  lobe  is  explicit.  The  second  lobe  de- 
velops, whether  or  not  polar  bodies  are  extruded,  in  the  presence  of  the 
egg-chromatin  alone.  Furthermore,  the  evidence  shows  that  the  second 
lube  develops  even  when  all  the  chromatin  has  been  thrown  out  of  the 
bottom.  It  is  true  the  lobe  appears  less  well  developed  when  all  the 
chromatin  is  absent,  but  even  then  it  appears  and  its  less  conspicuous 
formation  may  depend  on  the  smaller  size  of  the  bottom. 

The  results  also  show  that  there  is  a  rhythmic  series  of  changes  in 
the  bottoms.  The  second  lobe  is  withdrawn  and  the  bottom  is  spherical 
again ;  then  the  lobe  appears  at  approximately  the  same  time  (or  is 
somewhat  delayed)  when  the  third  lobe  develops  in  the  control.  The 
alternate  appearance  and  disappearance  of  the  lobe  has  not  been  fol- 
lowed so  far  or  in  as  much  detail  as  in  the  cases  described  briefly  in 
my  former  paper,  in  which  the  isolated  third  lobe  only  was  studied. 
The  latter  situation  appears  in  some  respects  a  more  interesting  case, 
since  it  is  the  next  to  the  last  stage  when  the  yolk  lobe  appears. 

DISCUSSION 

Since  most  of  the  problems  connected  with  the  experiments  de- 
scribed here  have  been  mentioned  in  the  text,  it  does  not  seem  necessary 
to  go  over  the  ground  again.  A  few  points  may,  however,  be  men- 
tioned that  involve  comparisons  between  the  behavior  of  the  separated 
lobe-end  of  the  egg  (the  "bottoms")  obtained  by  centrifuging  and 
those  obtained  by  isolating  the  third  lobe  after  it  is  constricted  from 
the  egg.  Since  the  former  are  obtained  before  the  polar-bodies  are  set 
free,  and  the  latter  after  the  first  cleavage  is  completed,  it  is  possible 
that  the  antipolar  region  may  have  undergone  certain  progressive 
changes  during  the  interval.  In  fact,  the  behavior  of  the  two  regions 
is  somewhat  different.  For  instance:  when  the  third  lobe  is  shaken 
off,  it  undergoes  a  series  of  rhythmic  changes  described  in  the  pre- 
ceding paper.  Wilson,  who  first  observed  the  same  phenomenon  in 
the  isolated  }«}>c  of  Dentaliuin,  sn v, vested  that  the  isolated  lobe  formed 
a  lobe  on  itself.  I  have  pointed  out  that  since  the  isolated  lobe  may 
continue  to  repeat  this  several  times  (more  times  than  does  the  normal 
it  is  possible  that  the  constrictions  do  not  represent  so  much  the 
repetition  of  lobe  formation  as  they  do  the  change  that  this  part  of  the 
•  undergoes  after  it  becomes  incorporated  in  the  D  blastomere. 

When  the  rhythmic  changes  in  form  of  the  isolated  third  lobe  are 
compared  with  the  changes  in  shape  of  the  non-nucleated  bottoms 
obtained  by  centrifuging,  it  is  clear  that  the  bottoms  undergo  rhythmic 
changes  that  rexmlile  to  some  extent  those  of  the  isolated  third  lobe. 
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But  there  are  differences,  and  in  fact  such  would  be  expected,  since 
the  bottom  might  (or  might  not?)  be  expected  to  form  a  lobe  three 
times  in  succession,  each  of  different  character  from  the  others.  If 
the  first  lobe  formed  in  such  bottoms  it  might  pass  unnoticed.  It  was 
not  observed.  If  the  second  lobe  formed,  it  should  be  quite  conspicu- 
ous, but  like  the  normal  second  it  would  not  be  expected  to  pinch  off. 
If  the  third  lobe  formed  it  might  be  expected  to  completely  pinch  off. 
Nothing  of  the  sort  was  observed.  On  the  contrary,  the  succession  of 
changes  in  the  bottoms  is  not  so  conspicuous,  and  perhaps  not  so  pro- 
longed as  those  of  the  isolated  third  lobe. 

A  comparison  should  also  take  into  account  the  possibility  of  pro- 
gressive changes  in  the  whole  egg  during  and  after  polar  body  forma- 
tion. In  the  absence  of  the  polar  hemisphere  in  the  bottoms  the 
changes  that  normally  occur  in  that  hemisphere  may  be  restricted  or 
lessened,  while  these  changes  may  have  happened  by  the  time  the  third 
lobe  is  formed ;  hence  comparisons  would  scarcely  be  worth  making. 

The  fact  that  the  lobe  forms  when  its  interior  material  has  been 
driven  out  shows  that  the  formation  of  the  lobe  is  not  dependent  on  its 
interior  materials.  Since  it  develops  approximately  at  the  same  time  as 
does  the  lobe  in  the  whole  egg,  namely,  when  the  mitotic  figure  has 
reached  a  certain  phase,  and  when  the  mitotic  figure  may  be  in  a  part 
of  the  egg  (at  the  side,  or  even  in  the  antipolar  hemisphere  itself) 
different  from  its  position  in  the  normal  egg,  it  follows  that  lobe 
formation,  as  such,  is  not  a  by-product  of  the  mitotic  figure,  but  that  the 
development  of  the  two  represent  synchronous  and  more  or  less  inde- 
pendent changes  in  the  egg.  Since  the  interior  of  the  lobe  in  the 
inverted  eggs  may  be  composed  in  part  of  oil  and  in  part  of  protoplasm 
it  seems  to-  follow  that  it  is  in  the  surface  layers,  not  disturbed  by 
centrifuging,  that  the  cause  of  the  phenomenon  is  to  be  sought.  This 
statement  is  not  in  conflict  with  the  fact  that  the  complete  pinching  off 
of  the  third  lobe  is  due  in  part  to  the  cleaving  of  the  polar  hemisphere 
ino  two  equal  parts,  leaving  the  lobe  outside  (see  below).  The  more 
complete  isolation  of  the  lobe  region  at  the  time  of  the  first  cleavage  is 
due  to  the  rounding  up  of  the  blastomeres,  which  is  a  phenomenon 
superimposed  on  the  lobe-formation. 

The  cleavage  of  the  tops,  both  small  and  large,  into  two  equal  parts, 
then  into  four  equal  parts,  and  then  into  the  unequal  micromere  division, 
invites  comparison  with  the  results  obtained  with  fragments  of  the  eggs 
of  Chaetopterus  described  by  Wilson  and  by  \Yhitaker  and  Morgan. 
In  Chaetoptenis  the  first  division  of  the  fragment  is  unequal,  as  it  is  in 
the  normal  egg,  although  the  polar  lobe  of  this  egg  is  very  small  in  com- 
parison with  that  of  Ilyanassa.  Evidently  the  inequality  in  the  Chae- 
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toptcrus  egg  i>  not  due  to  the  presence  of  an  antipolar  lobe  region 
through  which  the  first  division  can  not  pass.  In  Il\anassa,  on  the 
contrary,  the  first  cleavage  of  the  normal  egg  is  into  equal  parts  in 
the  polar  hemisphere,  and  gives  the  impression  of  passing  to  one  side  of 
the  antipolar  region  as  though  the  cleavage  plane  could  not  pass 
through  it;  but  the  equal  division  of  the  top  shows  that  the  inequality 
in  Ilyanassa  is  not  a  primary  inequality  as  in  Chaetopterus,  but  on  the 
contrary  the  division  is  equal  or  nearly  so.  The  subsequent  fusion  of 
the  lobe  with  one  blastomere  is  responsible  for  the  apparent  inequality 
of  this  division. 

In  both  animals  fragments  of  the  polar  hemisphere  do  not  form 
lobes,  while  the  antipolar  hemispheres  do  produce  lobes.  In  this  con- 
nection a  further  question  arises.  Is  the  first  division  across  the  antero- 
posterior  axis  of  these  eggs?  Does  such  a  condition  pre-exist  in  fact, 
or  develop  only  during  or  after  the  division;'  I  do  not  know  of  any 
decisive  answer  to  this  question.  Even  in  the  eggs  of  the  frog,  of 
AmphlOXUS,  or  of  Si  yclla  it  has  not  been  convincingly  proven,  in  my 
opinion,  that  an  antero-posterior  axis  exists  prior  to  fertilization. 
After  that  event  it  certainly  appears  to  be  present.  So  important  is 
the  decision  on  this  point  that  I  shall  remain  skeptical  until  more  con- 
vincing evidence  is  produced.  If  it  is  true  that  .such  an  axis  exists,  its 
presence  would  seem  to  simplify  some  of  our  difficulties  of  interpreta- 
tion, but  the  wish  to  have  the  question  settled  should  not  affect  our 
attitude  in  regard  to  the  evidence. 

So  far  as  the  location  of  the  lobe  before  fertilization  is  con- 
cerned, it  might  appear  that,  if  there  is  a  preformed  antero-posterior 
structure  to  the  egg,  the  incorporation  of  the  lobe  into  one  only  of  the 
first  two  blastomercs  could  be  explained  as  due  to  some  peculiarity  of 
the  surface  layer  on  one  side  that  prevents  one  blastomere  from  com- 
pletely cutting  off — hence  the-  lobe  remains  as  part  of  one  blastomere 
(the  dorsal  one)  only.  Jlut  attractive  as  such  an  assumption  might 
appear,  it  is  also  possible  that  just  before  cleavage  an  antero-posterior 
change  takes  place  on  one  side  of  the  egg  which  is  responsible 
for  the  failure  of  the  lobe  to  pinch  off  on  that  side.  The  whole  ques- 
tion of  the  relation  of  the  sperm  entrance  and  the-  plane  of  fusion  of 
the  pnmuclei  is  o  inccrncd  in  this  question;  and  it  is  better,  I  think. 
not  to  prejudge  it,  even  though  it  may  seem  to  offer  a  simple  way  out 
of  a  difficult  problem  to  assume  that  a  preformed  dorsal  side  pre-exists. 
If,  as  has  been  slmuii,  there  is  a  definite  relation  between  the  entrance 
point  or  penetration  path  of  the  sperm  and  the  establishment  of  an 
antero-posterior  a.xi-,  then  to  assume  a  preformed  axis  to  solve  form- 
ally one  problem  may  land  one  in  a  contradiction  with  respect  to  the 
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other  problem.     If,  however,  the  antero-posterior  difference  comes  in 
after  fertilization,  both  problems  may  find  a  common  solution. 

Towards  the  end  of  the  experiment  several  cases  were  observed  in 
which  the  first  or  second  polar  spindle  lay  at  the  base  of  a  protoplasmic 
protrusion  of  the  bottom  (Plate  III,  17,  18,  14).  Into  this  protrusion 
one  or  more  polar  nuclei  may  pass.  The  protrusion  may  later  pinch 
off.  It  might  then  be  called,  with  reservations,  a  giant  polar  body  and 
compared  with  a  somewhat  similar  process  Conklin  has  described  for 
Crcpidula.  Without  a  fuller  series  of  observations  on  Ilyanassa  I  do 
not  feel  like  deciding  whether  the  isolated  "  middles  "  arc  comparable 
to  polar  body  formation,  or  whether  there  is  something  here  sui  generis 
owing  to  the  very  unusual  conditions  that  are  present  at  the  time. 


I  111.  RHYTHMIC  CHANGES  IN  FORM  OF  THE  ISOLATED 
ANTIPOLAR  LOBE  OF  ILYANASSA 

T.  H.  MORGAN 

(From  the  William  G.  Kcrckhoff  Laboratories  of  the  Biological  Sciences, 
California  Institute  of  Technology,  Pasadena,  California) 

In  a  previous  paper  (1933)  I  have  described  the  rhythmic  changes 
in  shape  of  the  third  yolk  lobe  when  isolated.  In  the  summer  of  1934 
I  made  at  Woods  Hole  the  additional  observations  described  below. 

The  simplest  way  to  separate  the  third  lobe  from  the  two  blastomeres 
is  to  squirt  the  egg  gently  in  and  out  of  a  pipette  at  the  time  when  the 
lobe  has  pinched  off  from  the  two  cells.  It  often  comes  off  when  the 
eggs  are  removed  from  the  capsule  if  they  are  in  the  two-cell  stage. 
It  is  noticeable  that  it  is  less  often  injured  than  are  the  two  blastomeres 
which,  when  shaken  off  in  the  two-cell  stage,  often  go  to  pieces  at  once. 
The  isolated  lobe  soon  becomes  spherical.  Sometimes,  however,  it  too 
absorbs  water,  swells  up  and  dies. 

The  following  record  gives  the  history  of  the  isolated  third  lobes. 
It  is  not  easy  to  give  an  account  of  the  change  that  takes  place  in  the 
isolated  lobes  without  going  into  great  detail.  The  lobes  were  followed 
continuously  for  several  hours  and  sketches  made.  I  have  selected 
four  records  out  of  twelve,  which  tell  sufficiently  the  story  with  the  aid 
of  the  drawings. 

Case  1 

The  two-cell  stage  was  shaken  at  12:05  P.M.;  at  2:25  the  isolated 
lobes  were  oval  (Fig>.  1.  2)  ;  at  2:50  pointed  or  with  a  nipple  ( l;igs. 
3,  4).  They  were  round  at  3:13  ( Kig.  5),  blunt  at  3:50,  pear-shaped 
at  4:08  (Figs.  6,  7,  8)  ;  more  constricted  at  4:17  (Figs.  9,  10.  11).  and 
at  4:37;  round  at  4:53  (Fig.  12);  round  or  elongated  at  5:37  (Fig. 
15)  ;  constricted  at  5:45  (Figs.  14.  15,  16). 

Summary:  The  lobe  became  oval  or  pointed  when  the  controls  were 

in  4-cell  stages,  and  constricted  again  when  the  controls  were  in  16-cell 

They  then  became  round,  and  again  constricted.     There  is  no 

obvious  correlation  between  the  times  of  cleavage  of  the  control  and 

tin-  alternate  phases  of  constriction  of  the  lobes. 

Case  2 

The  2-cell  Mage  was  broken  apart  by  squirting  in  a  pipette.  The 
lobes  were  slightly  pointed  at  12:14  (Fig.  17)  ;  the  lobes  rounded  up  at 
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12:20,  were  oval  at  12:38  (Fig.  18),  and  at  12:52  to  2:40  they  were 
round  (Fig.  19).  At  3:05  to  3:21  (Figs.  20,  21,  22,  23,  24)  they 
became  pointed,  then  constricted  (the  whole  eggs  were  going  into  8- 
cell  stages).  At  3:40  they  were  round  (Fig.  25)  until  4:15  to  4:43 
when  they  hecame  constricted  (Figs.  26-32).  At  5:15  the  lobes  were 
spherical.  Summary :  Here  the  lobes  became  constricted  twice,  much 
more  slowly  than  the  cleavages  of  the  normal  control. 

Case  9 

Lobes  were  shaken  off  at  11:55.  They  were  round  at  12:03  and 
remained  so  until  1:53.  At  2:56  (Fig.  33)  they  became  constricted 
(the  normals  were  in  the  4-cell  stage).  At  3:48  the  lobes  were  oval 
(Fig.  34),  one  was  round;  at  4:14  they  were  pear-shaped  or  slightly 
constricted  (Figs.  35,  36)  ;  at  4:45  they  were  spherical  (Fig.  37)  ;  at 
5:24  elongated  (Fig.  38)  with  clear  ends.  At  6:22  they  were  oval  or 
round  (Figs.  39,  40)  ;  at  7:13  to  7:55  (Figs.  41,  42)  they  had  clear 
ends  with  a  constriction.  At  8:52  to  9:18  they  were  round;  at  8:52 
they  were  still  round,  and  at  9:50  (Figs.  43,  44)  they  were  oval  or  with 
a  slight  constriction.  Summary:  In  this  case  there  was  a  succession  of 
changes  in  shape  and  an  accumulation  of  clear  protoplasm  at  one  end. 
The  changes  were  not  obviously  synchronous  with  the  changes  in  the 
cleaving  eggs. 

Ca-se  11 

Shaken  off  at  2:35,  the  lobes  were  round  at  2:55.  At  3:35  some 
were  oval  with  a  clear  nipple  (Fig.  45)  ;  others  pear-shaped.  At  3:46 
they  were  round  (Fig.  46)  ;  at  4:11  to  4:42  most  of  the  lobes  were  oval 
with  clear  ends  (Fig.  47)  ;  at  5:22  they  were  round  again  (Fig.  48)  ; 
at  6:19  they  were  pear-shaped  (Fig.  49);  at  7:11  they  were  round 
(Fig.  50).  At  7:50  they  were  oval  and  elongated  (Figs.  51,  52)  ;  at 
8:22  they  were  round;  at  9:15  most  were  round  (Fig.  54),  some  with 
a  clear  end  (Fig.  55)  which  was  still  present  at  9:53  (Fig.  56). 

The  question  now  arises  as  to  whether  these  changes  in  the  form  of 
the  lobes  is  to  be  interpreted  to  mean  that  the  isolated  lobe  continues 
alternately  to  form  a  succession  of  lobes,  or  whether  the  changes  in 
shape  represent  some  other  kind  of  rhythmic  activity.  I  have  discussed 
this  question  in  my  previous  paper  and  raised  there  certain  theoretical 
objections  to  the  literal  interpretation  of  the  changes  in  shape  as  repeti- 
tions of  lobe-formation,  chiefly  because  these  isolated  third  lobes  may 
go  on  alternately  constricting  and  rounding  up  more  times  than  this 
region  does  when  it  is  a  part  of  the  normal  egg. 
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The  experiments,  reported  in  other  papers  in  which  the  egg  is  con- 
stricted into  two  parts  by  centrifuging  in  raffmose,  reopen  the  question 
MI"  the  interpretation  of  the  rhythmic  changes  in  the  'lower'1  half 
(  antipolar  hemisphere)  of  the  eggs  there  spoken  of  as  the  bottoms. 
These  experiments  show  clearly  that  the  "  upper  "  polar  half  of  the  egg, 
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PLATK  I 

that  d<>c>  imt  contain  the  lobe-forming  portion  of  the  whole  egg,  does 
not  repeat  the  type  of  cleavage  of  the  whole  egg  since  no  lobe  appears 
on  it.  either  before  or  after  the  first  cleavage.  Again,  it  is  clear 
that  the  antipolar  half  <«r  but  torn,  which  contains  all  of  the  lobe  region, 


RHYTHMIC  FORM  CHANGES  ANTIPOLAR  LOBE 

develops  a  constriction  at  least  twice,  whether  it  contains  the  egg- 
chromatin,  or  whether  none  of  it  is  present.  Since  these  two  changes 
are  vaguely  synchronous  with  the  lobe- formation  of  the  whole  egg,  they 
appear  to  correspond  to  that  phase.  If  this  is  correct,  it  reopens  the 
discussion  of  the  changes  in  shape  of  the  isolated  third  lohe. 

That  the  changes  in  the  third  lobe  are  not  strictly  synchronous  with 
the  second  cleavage  is  apparent — they  are  much  delayed.  This  in  itself 
might  not  rule  out  the  interpretation  that  they  represent  lobes,  but  it  is 
to  be  remembered  that  the  lobe  appears  only  once  more  after  the  first 
cleavage  ends,  while  the  isolated  third  lobes  come  and  go  at  least  three 
times.  It  should  also  be  remembered  that,  strictly  speaking,  the  change 
in  shape  does  not  give  a  reduced  picture  of  the  whole  egg  and  its  lobe, 
as  a  comparison  of  the  figures  illustrates.  Furthermore,  after  the 
second  cleavage,  the  antipolar  hemisphere  normally  becomes  incor- 
porated in  one  of  the  first  four  cells,  and  at  the  next  cleavage  this  cell 
pinches  off  a  micromere  from  the  apical  end.  The  changes  in  shape  of 
the  isolated  third  lobe  resemble  somewhat  more  this  process  of  con- 
stricting off  micromeres  than  they  resemble  the  lobe-formation  of  the 
early  stages.  I  am  inclined,  therefore,  towards  the  same  interpretation 
of  the  later  rhythmic  changes  of  the  isolated  third  lobe,  rather  than  the 
interpretation  that  lobe-formation  repeats  itself  several  times.  There  is 
also  a  general  consideration  that  should  be  given  some  weight.  The 
cleavage  stages  are  progressive  steps.  Even  isolated  blastomeres  carry 
out  the  partial  pattern  rather  than  returning  to  the  previous  stage. 
Hence  I  think  we  might  expect  the  rhythmic  changes  of  the  third  lobe 
to  do  this  also.  If  so,  the  lobe-constrictions  and  concentration  of  clear 
material  at  the  polar  end  correspond  in  a  way  to  the  later  development 
that  this  part  normally  undergoes  if  it  remains  in  the  egg. 

Returning  again  to  the  centrifuging  experiments,  the  behavior  of 
the  bottoms  may  be  interpreted  to  mean  that  they  represent  the  two 
normal  stages  of  lobe  formation.  The  later  phases  that  appear  would 
then  be  interpreted  in  the  same  way  as  those  of  the  isolated  third  lobe. 
There  is,  then,  no  inconsistency  in  interpreting  the  bottoms  obtained  by 
centrifuging  eggs  in  an  early  phase  and  the  interpretation  of  the  rhythmic 
changes  of  an  isolated  third  lobe  as  representing  later  stages  of  develop- 
ment, since  the  latter  begin  at  a  later  period.  The  interesting  fact  to 
be  emphasized  is  that  this  part  of  the  egg  deprived  of  a  nucleus  con- 
tinues to  undergo  rhythmic  changes  resembling  more  or  less  the  changes 
that  it  normally  undergoes  as  part  of  the  whole  egg.  In  other  words : 
there  resides  in  the  protoplasm  of  the  mature  egg  the  property  of  taking 
part  in  the  progressive  series  of  changes  of  the  egg  independently,  to 
some  extent,  of  influences  depending  on  the  activity  of  the  genes  at  that 
time,  or  the  presence  of  mitotic  developments. 


MODIFICATION  OF  MAMMALIAN  SEXUAL  CYCLES 

II.  EFFECTS  UPON  YOUNG  MALE  FERRETS   (PUTORIUS  VULGARIS)   OF 

CONSTANT  EIGHT  AND  ONE-HALF  HOUR  DAYS  AND  OF  Six 

HOURS  OF  ILLUMINATION  AFTER  DARK,   BETWEEN 

NOVEMBER  AND  JuNE1 

THOMAS  HUME  BISSONNETTE 
TRINITY  COLLEGE,  HARTFORD,  CONNECTICUT 

INTRODUCTION 

Some  experiments  with  young  male  ferrets  in  their  first  autumn, 
with  six  hours  of  electric  light  added  after  dark,  led  to  some  increase 
of  spermatogenic  activity,  to  complete  activation  of  testis  interstitial 
cells  and  of  secondary  sex-organs  and  to  increased  libido,  leading  to 
sterile  matings  on  December  10,  December  12,  and  December  21  with 
females  brought  into  oestrus  by  similar  increases  of  daily  light  ex- 
posures beginning  on  October  12  (Bissonnette,  1932).  They  did  not 
give  a  clear  picture  of  the  differences  between  the  sex-organs  of  such 
males  on  increased  lighting  and  those  of  similar  animals  on  a  constant 
reduced  day. 

The  rather  preliminary  study  to  be  reported  here  was  an  attempt  to 
test  the  effects  of  a  constant  8%  hour  day  in  autumn  and  winter  as 
contrasted  with  those  of  "  long  days  "  consisting  of  normal  days  for  the 
seasons  to  which  6  hours  of  electric  lighting  from  an  incandescent  bulb 
was  added  after  dark  each  night,  in  order  to  learn  whether  either  of 
these  alterations  in  day-length  modifies  the  sexual  cycles  of  such  young 
males  and,  if  so,  to  what  degrees. 

MATERIAL  AND  METHODS 

On  November  10,  1932,  six  males  in  their  first  year  were  placed  in 
separate  cages  in  two  vertical  rows,  1,  3,  5,  in  one  series  and  2,  4,  6, 
in  the  nther,  facing  the  light  from  three  large  windows  of  a  basement 
room  at  a  distance  of  about  7-8  feet. 

The  left  hand  -tries  (1,  3,  5)  also  faced  a  300-watt  clear  bulb  at 
such  distances  that  the  nestbox  in  cage  1  received  light  varying  from 

1  Aided  by  a  grant  frmn  the  Committee  for  Research  in  Problems  of  Sex  of 
the  National  Reseanli  <  "iincil,  1932-33.  Library  and  laboratory  facilities  were 
also  furnished  by  the  Marine  I'.inlogical  Laboratory  at  Woods  Hole,  Mass. 
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16.86  foot  candles,  nearest  the  bulb,  to  9.25  at  the  back  of  the  box; 
cage  3  received  16.31  to  8.81  foot  candles;  and  cage  5,  from  12.88  to 
7.17  foot  candles.  Light  from  the  windows  was  not  measured,  but- 
fluctuated  from  day  to  day  and  with  the  season.  The  animals  in  these 
cages  received  decreasing  daily  daylight  periods  till  December  21  and 
increasing  ones  thereafter  till  June  9.  The  decrease  was  about  nine- 
tenths  of  an  hour  from  10  hours  on  November  10  to  9.1  hours  on 
December  21.  The  increase  was  about  1.9  hours  to  February  24  and 
about  6.1  hours  to  June  9,  when  the  last  two  experimentally  lighted 
males  were  sacrificed.  They  were  also  subject  to  change  in  daylight 
intensity  partly  due  to  change  in  the  height  of  the  sun  above  the  southern 
horizon  during  the  day,  reducing  it  gradually  till  December  21  and  in- 
creasing it  thereafter,  partly  to  changes  in  daily  sunshine. 

The  right-hand  series  (2,  4,  6)  bore  the  same  relations  to  the  win- 
dows and  to  daylight  intensity,  but  they  were  covered  and  shielded  from 
light  by  a  heavy  carpet  from  4.30  P.M.  to  8.00  A.M.  daily,  during  part 
of  which  time  the  electric  light  was  shining  into  the  other  series  of 
cages.  This  kept  their  day-length  approximately  constant  at  8l/2  hours 
per  day. 

All  the  animals  were  behind  ordinary  window  glass  throughout  the 
experiment  and  the  light  bulbs  emitted  only  negligible  ultra-violet  radi- 
ation. 

Food  for  all  consisted  of  pasteurized  milk  till  about  May  1,  and 
natural  milk  with  cod-liver  oil  concentrates  added  thereafter,  to  which 
were  added  dog-biscuit  and  very  occasional  meat  scraps,  both  raw  and 
cooked,  throughout  the  experiment.  The  physical  conditions  of  the  ani- 
mals throughout  were  about  normal,  though  one  or  two  developed  light 
attacks  of  "  foot-rot  "  before  the  whole  milk  and  C.L.O.  concentrates 
were  introduced  into  the  diet.  However,  this  condition  had  been  found 
in  the  previous  experiments  to  interfere  in  no  way  with  normal  or  in- 
duced sexual  activity  in  these  animals. 

The  position  of  the  light  bulb  (similar  to  that  used  before)  was  such 
that  it  shone  most  horizontally  upon  the  animal  in  the  upper  cage,  more 
and  more  obliquely  upon  the  middle  and  lower  cages  respectively,  with 
distances  greater  in  the  lower  ones.  As  noted  before,  this  permits  the 
ferret  curled  up  to  sleep  to  shield  his  head  and  eyes  from  light  better 
in  the  upper  cage  than  in  the  lower  ones.  Such  shielding  of  the  eyes 
was  correlated  with  slower  rate  of  activation  sometimes,  in  spite  of  the 
shorter  distance  from  the  light  and  consequent  greater  luminous  in- 
tensity at  the  upper  levels  (Bissonnette,  1932). 

The  amount  of  hair  over  the  scrotum,  and  the  conditions  and  posi- 
tions of  the  testes  were  tested  from  time  to  time  by  palpation  and  in- 
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specticii.  Sexual  libido,  copulating  power,  and  sperm  ejaculations  were 
also  te-ted  at  various  times  as  cestrous  females  were  available  from  a 
parallel  experiment  on  the  effects  of  hoodwinking  these  animals  and 
using  hoods  with  eyeholes  to  learn  the  avenue  of  reception  of  the  light 
stimulus  to  be  described  elsewhere.  These  trials  began  on  January  13 
and  continued  till  June.  On  the  former  date  none  of  the  "  short  day  ' 
males  showed  any  interest  in  copulating  or  even  mauling  an  cestrous 
female.  Of  the  "  long  day  "  animals,  No.  5  made  feeble  attempts  to 
copulate,  Xo.  1  made  very  determined  attempts  but  was  unsuccessful  in 
becoming  "  fast  "  to  her;  No.  3  succeeded  and  remained  "  fast  "  to  her 
for  1%  hours  that  day  and  again  for  IK  hours  the  next  day.  These 
matings  resulted  in  pseudopregnancy  only,  as  there  were  no  sperms  in 
his  ejaculations,  as  determined  by  microscopical  examination  of  the  fluid 
drawn  off  from  her  vestibule  immediately  after  copulation  ceased. 

At  killing,  genital  tracts,  thyroids,  and  adrenals  were  fixed  in  Bouin's 
fluid  and  the  hypophyses  in  Zenker's  fluid,  with  formic  acid  replacing 
acetic  in  both  solutions.  After  the  usual  paraffin  technique,  testes  and 
epididymides  were  sectioned  at  10  microns,  stained  in  Heidenhain's 
iron-hematoxylin  and  eosin.  and  mounted  in  balsam.  The  other  endo- 
crine glands  were  saved  with  the  rest  of  the  genitalia  for  later  study. 

KEY  FOR  TABLE  I 
Copulations 

©  -     =  tried  feebly  and  unsuccessfully. 
+  -  •  =  tried  forcefully  and  unsuccessfully. 
=  tried  successfully. 
=  did  not  even  try  to  copulate. 

Sperms  in  matings 

=  sperms  absent. 

-f  N  =  sperms  present,  inactive,  and  few. 
+  A  =  sperms  present,  active-,  and  few. 
-(--)- A  =  sperms  numerous  and  active. 

Position  of  testis 

A  =  anterior  in  groin,  near  winter  position. 
I'  =  posterior  in  scrotum,  near  anus. 

Pregnancy  or  pseudo-pregnancy 

-  =  no  effect  noted. 
I>1'  =  pseudo-pregnant. 
I'  =  pregnant . 

No.  of  animal 

1,  \  5  \\rn-  exposed  to  added  electric  light. 
_'.  1,  <>  une  restricted  to  an  8Jjj-hour  day. 
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RESULTS  AND  OBSERVATIONS 
Changes  in  Macroscopic  Conditions  and  in  Behavior 

About  two  weeks  after  lighting  began  the  testes  of  the  "long  day' 
animals  (1,  3,  5)  started  to  move  backward  into  a  position  in  the  scro- 
tum immediately  below  the  anus  and  to  enlarge  and  become  turgid. 
The  hair  then  thinned  out  over  the  testes  till,  at  time  of  greatest  testis 
size,  the  scrotum  became  almost  bare.  In  this  No.  5  lagged  considerably 
behind  the  other  two.  In  one  of  the  "  short  day  "  males  this  was  not 
delayed  as  much  as  in  No.  5;  but  in  the  other  two  (2,  4)  it  was  greatly 
retarded. 

The  results  of  these  tests  are  summarized  in  Table  I  in  detail. 

Of  the  "  short  day  "  animals,  No.  4  was  killed  for  study  on  Feb- 
ruary 24  without  showing  any  sexual  libido  at  all ;  No.  2  showed  sexual 
libido  first  on  March  8,  when  he  succeeded  in  copulating  but  probably 
without  sperm  ejaculation  (a  few  non-motile  sperms  were  found  in 
the  vestibule  of  the  female,  probably  from  a  previous  mating  with  an- 
other male  giving  abundant  sperms)  and  was  sacrificed  for  study  on 
March  15  without  conclusive  evidence  of  sperm  ejaculation;  No.  6  first 
showed  libido  enough  to  try  to  copulate  on  February  20,  unsuccessfully. 
He  first  succeeded  on  March  7  and  left  a  few  non-motile  sperms  in  the 
vestibule  of  the  female.  By  March  12  and  19  he  was  able  to  give 
abundant  motile  sperms  in  matings.  He  was  killed  for  study  on  April 
18  when  his  testes  were  still  at  the  climax  of  activity. 

Of  the  "  long  day  "  animals,  No.  3  was  most  quickly  stimulated  and 
copulated  without  sperm  ejaculation  as  early  as  January  13  and  14,  and 
with  abundant  active  sperms  by  February  20  and  24,  inducing  preg- 
nancy on  the  twentieth.  However,  by  April  20,  his  testes  were  smaller 
and  soft,  and  a  mating  on  that  date  was  without  sperm  ejaculation, 
though  it  induced  ovulation  of  the  female  within  36  hours  after  the 
finish  of  copulation  and  the  granulosa  cells  had  already  left  the  eggs 
which  were  well  down  the  Fallopian  tubes.  He  was  still  farther  in 
regression  by  April  28  and  June  8 ;  though  on  the  latter  date  he  copu- 
lated, without  sperm  ejaculation. 

No.  1  was  somewhat  slower  to  respond  and  tried  hard  but  unsuccess- 
fully to  copulate  on  January  13;  was  successful  on  February  22,  but  not 
on  the  twenty-fourth,  when  he  was  sacrificed  (no  test  was  made  for 
sperms  as  the  female  had  already  mated  with  a  male  giving  abundant 
active  sperms). 

No.  5  was  slowest  to  respond.  He  made  only  feeble  attempts  to 
copulate  on  January  13  and  14;  was  successful  on  February  23,  March 
5,  8,  11,  13,  and  15,  but  always  without  sperm  ejaculation,  so  far  as 
could  be  determined  by  microscopical  examination  of  fluid  from  the 
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vestibule  of  the  females  after  copulation.  By  April  28,  his  testes  were 
;iin  small  and  one  forward  in  the  groin.  But  on  June  8  he  copulated 
for  an  hour  and  nine  minutes  with  induction  of  ovulation  within  35 
hours  of  the  finish  of  copulation,  though  his  testes  were  both  forward 
in  the  groin  and  small. 

These  facts  indicate  that  libido  is  restored  before  complete  potency 
for  copulation,  and  both  before  complete  spermatogenesis,  but  that 
spermatogenesis  regresses  before  libido  and  potency  to  copulate.  The 
copulations  on  June  8  by  males  No.  3  and  No.  5  were  normal  in  dura- 
tion and  in  inducing  ovulations  in  females;  but  ability  to  ejaculate 
sperms  was  already  gone  even  before  April  20  and  28,  at  least  in  No.  3, 
the  most  quickly  activated  male. 

Histoloyical  Conditions 

The  Testis. — On  February  24,  after  106  days  of  Sy2  hours  duration, 
the  testes  of  male  4  (Fig.  1)  showed  seminiferous  tubules  of  about 
152  [L  diameter,  an  increase  from  about  79  p.  on  December  12  at  the 
autumn  quiescent  condition  (Bissonnette,  1932,  Fig.  3)  or  about  77 /x 
on  November  5  (Allanson,  1932),  as  compared  with  about  165-179 /* 
on  February  4  and  8  respectively  for  the  normal  ferret  (Allanson, 
1932).  Interstitials  were  increased  in  number  and  activity  as  com- 
pared with  those  in  the  completely  quiescent  autumn  condition.  In- 
tertubular  spaces  were  distended  with  lymph,  which  stained  slightly 
with  eosin.  Within  the  tubules  were  Sertoli  cells,  spermatogonia, 
and  full-grown  spermatocytes ;  but  no  further  generations  of  germ- 
cells.  A  lumen  was  present  in  the  tubules  and  the  syncytial  cytoplasm 
was  rather  sharply  delimited  from  that  of  the  individual  cells.  Alto- 
Explanation  of  Plate  I 

All  figures  are  photomicrographs  taken  in  the  first  instance  at  335  diameters 
and  reduced  to  about  l'><>  diameters  in  reproduction. 

IMC;.  1.  Testis  section  from  "short  day"  ferret,  on  8M>  hours  of  daylight  per 
day  from  November  10  to  February  24 — 106  days. 

FIG.  2.  Testis  section  from  "  long  day  "  ferret,  on  normal  day-length  with  6 
h»urs  of  electric  light  added  per  night,  from  November  10  to  February  24 — 106 
da; 

.     3.     Testis  section  from  "short  day"  ferret  on  March  15—125  days. 
4.     Testis  section  from  "short  day"  ferret  on  April  8 — 149  days. 

I  i',.     5.     Ti>tis  section  from  "long  day"  ferret  on  June  8 — 210  days. 
"I  '    tis  section  from  "long  day"  ferret  on  June  9 — 211  days. 

I          7.     l-p:didymis  section  from  "short  day"  ferret,  February  24 — 106  days. 

FIG.    8.     Kpidiilymis  section  from  "long  day"  ferret,  February  24 — 106  days. 

FIG.    9.     1- pi'lidyin^  M-ction  from  "short  day"  ferret,  March  15 — 125  days. 

FIG.  10.     Kpididyinis  section  from  "short  day"  ferret,  April  8 — 149  days. 

FIG.  11.     Epididyniis  Action  from  "long  day"  ferret,  June  8 — 210  days. 

FIG.  12.     Fpididyni'  n   I'niin  "long  day"  ferret,  June  9 — 211  days. 
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gether  the  tcstes  of  this  animal  were  definitely  retarded  in  activity  by 
the  "  .short  days  "  as  compared  with  those  on  the  normal  light  cycle  in 
which  spermatogenesis  is  almost,  if  not  quite,  complete  by  February 
4  (  Allanson,  1932). 

On  the  same  date,  after  the  same  period  with  6  hours  of  electric 
light  each  night  added  to  normal  days,  the  testes  of  Male  1  (Fig.  2) 
were  much  larger  than  those  just  described.  Tubule  diameters  were 
about  197  p.,  even  larger  than  those  of  ferrets  on  normal  days  at  March 
12  (Allanson,  1932).  Interstitial  cells  were  in  breeding  condition,  and 
interttibtilar  lymph  spaces  distended  with  lymph,  staining  weakly  in 
eosin.  Spermatogenesis  was  complete,  and  mature  sperms  were  plenti- 
ful in  the  epididymis  and  vas  deferens  near  the  testis  (Fig.  8),  just  as 
in  the  animals  on  normal  light  cycles  on  March  2  or  12  (Allanson, 
1932). 

On  March  15th.  after  125  "  short  days,"  the  tubules  of  the  testes 
of  Male  2  (Fig.  3)  were  about  185 /A  in  diameter.  Interstitials  were 
numerous  and  active ;  intertubular  lymph  spaces  large  and  full.  No 
germ-cells  beyond  secondary  spermatocytes  were  yet  present,  except  a 
very  few  spermatids,  not  yet  showing  signs  of  metamorphosis.  Early 
germ-cell  stages  were  very  numerous.  This  testis  had  not  yet  reached 
the  stage  normal  for  February  4  (Allanson,  1932)  though  its  size  may 
not  have  been  retarded. 

On  April  8,  after  149  "  short  days  "  the  testes  of  Male  6  (Fig.  4) 
were  in  complete  reproductive  activity  in  all  respects.  Sperms  were 
numerous  in  both  testis  and  epididymis  (Fig.  10)  and  tubules  were 
176  p.  or  more  in  diameter.  This  male  had  ejaculated  sperms  in  mat- 
ings  as  earlv  as  March  7,  but  not  before,  so  he  was  also  definitely 
retarded  in  sexual  activation  by  the  "  short  days."  However,  the  short 
days  did  not  prevent  him  from  coming  into  complete  sexual  activity. 
Changes  in  light  intensity  could  account  for  the  activation  (Bissonnette, 
1933;  Marshall  and  I'.owdcn,  1(M4). 

On  June  8,  after  210  "long  days,"  the  testes  of  Male  5  (Fig.  5) 
had  pa-sed  the  climax  of  activity  of  germ-cells  and  were  far  along  in 
regression.  Tubule  diameters  were  only  113-128/1.  However,  inter- 
stiiials  were  still  abundant  and  apparently  active.  Lymph  spaces  were 

ill  and  not  distended.  There  were  no  germ-cells  beyond  synizesis 
stages  of  spermatocytes.  Lumina  were  absent  in  the  tubules;  cytoplasm 
was  string)  ;  and  mam  nuclei  nccrotic.  Though  this  animal  was  slow 
to  come  into  activity  as  compared  with  the  other  two  "  long  day  "  ones, 
his  sex-glands  had  already  long  passed  their  climax  and  were  far  into 
regression,  even  on  a  more  than  usually  stimulating  light  schedule.  At 
this  date,  ferrets  on  normal  light  cycles  arc  still  at  full  activity  (Allan- 
son,  1932). 
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On  June  9,  after  211  "long  days,"  the  testes  of  Male  3  (Fig.  6), 
quickest  to  reach  sexual  activity,  were  even  farther  in  regression  than 
those  of  the  preceding  animal.  Tubule  diameters  were  only  81-99 /x; 
interstitials  were  in  the  typical  autumn  quiescent  condition;  and  germ- 
cells  reduced  to  spermatogonia  and  very  few  synizesis  stages.  Only  a 
very  few  tubules  had  lumina,  and  necrotic  nuclei  were  numerous  in  the 
stringy  cytoplasm. 

In  both  these  "  long  day  "  animals  regression  had  set  in  even  in 
spite  of  a  very  stimulating  schedule  of  daily  light  exposures. 

The  Epididymis  (beside  the  middle  of  the  testis). — On  February 
24,  the  epididymis  of  Male  4  (Fig.  7)  had  reached  almost  the  com- 
pletely active  condition,  with  epithelial  lining  cells  about  30  /A  tall  or 
more,  and  the  cilia-like  processes  long  and  abundant.  Sperms  were 
not  present.  The  same  regions  were  at  the  complete  breeding  condition 
in  Male  1  ("long  day")  (Fig.  8),  with  sperms  and  cellular  debris  in 
the  lumen  tangled  in  the  long  cilia-like  processes.  Tubules  were 
stretched  by  contents  and  the  epithelial  lining  \vas  like  that  in  the  pre- 
ceding "  short  day  "  ferret. 

On  March  15,  the  epididymis  of  "  short  day  "  Male  2  (Fig.  9)  was 
in  breeding  condition,  with  epithelial  cells  about  42  p  tall,  but  without 
sperms.  On  April  8,  that  of  "short  day "  Male  6  (Fig.  10)  was 
similar  but  with  sperms  in  the  lumen.  Lining  was  stretched  until  it 
was  only  about  30 /A  tall. 

On  June  8,  the  epididymis  of  "long  day"  ferret  No.  5  (Fig.  11) 
was  still  in  breeding  condition,  with  lining  cells  32  //,  tall  and  "  cilia  " 
abundant.  This  condition  was  correlated  with  active  interstitial  cells  in 
the  testes ;  but  germ-cells  far  in  regression. 

On  June  9,  the  epididymis  of  "long  day"  ferret  No.  3  (Fig.  12), 
quickest  to  respond  to  light  stimulation,  was  far  into  regression  and 
almost  at  the  autumn  quiescent  condition.  "  Cilia "  were  short  and 
almost  indistinguishable;  epithelial  lining  only  15/u,  tall  or  less,  and 
lacking  the  clear  zone  next  the  lumen  of  the  tubule  so  characteristic  of 
the  active  condition  of  these  cells. 

Both  these  "  long  day  '  ferrets  had  undergone  regression  of  the 
epididymis  parallelling  that  of  the  interstitials  of  the  testis,  but  lagging 
behind  that  of  the  germ-cell  line,  more  evident  in  Male  5  than  in  the 
more  responsive  Male  3. 

DISCUSSION 

The  retardation  of  testis  activity  in  Males  2  and  4  by  the  shortened 
days,  in  spite  of  increasing  daylight  intensity,  indicates  that  increasing 
day-length  stimulates  or  accelerates  onset  of  spring  sexual  activity  or 
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that  lack  of  it  holds  activity  back.  The  much  quicker  response  of  Male 
6  may  be  due  to  more  favorable  position  of  the  head  and  eyes  for 
reception  of  light  when  curled  up  to  sleep  or  to  greater  individual 
susceptibility  to  effects  by  increasing  intensity  (Bissonnette,  1932,  1933, 
and  unpublished  data;  Marshall  and  Bowden,  1934)  than  in  those 
more  delayed. 

The  slow  reaction  of  Male  5,  on  "  long  days  "  as  contrasted  with  that 
of  1  and  3,  may  be  due  to  greater  distance  from  the  bulb  or  to  less 
favorable  reception  during  sleep;  but  that  could  hardly  account  for  its 
being  slower  than  Male  6.  Individual  idiosyncrasy  appears  to  be  a 
more  likely  reason  until  further  study  and  analysis  shed  more  light  on 
the  matter. 

In  spite  of  these  apparently  anomalous  exceptions,  it  appears  that, 
for  most  young  ferrets,  an  increase  in  clay-length  leads  to  acceleration 
of  testis  activity,  with  interstitials  preceding  germ-cells  in  effectiveness ; 
and  that  libido  and  accessory  sex-organs  (epididymis)  are  closely  cor- 
related with  interstitial  cell  changes,  in  agreement  with  results  from 
previous  studies  (Bissonnette,  1932,  1933;  Marshall  and  Bowden,  1934; 
Hill  and  Parkes,  1933). 

On  the  other  hand,  again  with  some  exceptions,  a  relatively  con- 
stant, short,  winter-like  day,  throughout  the  spring  season  of  normally 
increasing  day-length,  leads  to  a  delay  in  onset  and  a  slowing  up  of  the 
spring  activity  of  the  testis  and  epididymis  and  a  late  appearance  of 
sexual  libido. 

Either  type  of  experimental  modification  of  day-length  leads  to 
modification  of  the  sexual  cycle  in  such  young  males  by  changing  the 
time  of  onset  of  libido  and  sexual  power,  as  related  to  ejaculation  of 
sperms  and  spermatogenesis,  from  the  normal  one  in  nature. 

Both  behavior  and  histological  studies  indicate  that,  even  under  in- 
creasing stimulating  light  exposures,  greater  than  normal,  sexual  re- 
gression or  "  anoestrus  "  (Hill  and  Parkes,  1(>33)  sets  in  after  a  time. 
Testis  activity  and  libido  ("Oestrus,"  Hill  and  Parkes,  1033)  may  be 
hastened  by  these  increasing  exposures  to  light,  but  cannot  be  main- 
tained indefinitely  by  them  (see  Bachman,  Collip,  and  Selye,  1934). 
Regression  comes  in  spite  of  them  and  as  the  result  of  changes  from 
within  the  ferrets,  presumably  from  changes  of  the  anterior  hypophysis 
or  immunity  to  its  hormones.  This  is  supported  by  facts  brought  out 
by  a  preliminary  casual  study  of  histological  conditions  of  the  hypo- 
physes at  autopsy  throughout  these  experiments.  These  indicate  an 
increased  activity  (,f  the  anterior  lobe  during  the  progressive  changes 
of  the  sex-glands  and  a  falling  off  during  regression.  This  conclusion 
has  been  confirmed  by  Mr.  A.  !•'..  Severinghaus,  who  kindly  looked  over 
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some  of  our  hypophysis  material  and  agreed  with  our  conclusions. 
This  will  be  dealt  with  more  fully  later. 

While  regression  sets  in,  in  spite  of  increasing  day-lengths,  in 
ferrets,  just  as  in  starlings  (Bissonnette,  1933,  and  preceding  papers), 
it  is  probable  that  it  is  hastened  by  shortening  autumn  days  or  that  the 
beginning  of  the  next  increase  in  activity  is  delayed  by  the  reduction 
of  light.  Regression  need  not  depend  on  a  falling  light  curve  but 
occurs  sooner  or  later  even  on  a  rising  day-length.  I  low  soon  regres- 
sion may  be  stopped  and  reversed  after  it  begins  or  how  far  destruc- 
tion of  germ-cells  must  go  before  the  next  progressive  changes  may  be 
induced  remains  to  be  seen.  - 

The  discovery  of  Hill  and  Parkes  (1934)  that  ferrets  of  unmen- 
tioned  age,  of  both  sexes,  come  into  "  oestrus  "  in  spring,  even  when 
subjected  to  total  darkness  for  23V,  hours  or  more  per  day  continu- 
ously from  January  24  onward  up  to  5i/>  months,  and  that  a  second 
oestrus  may  follow  after  suckling  young  under  these  conditions,  is  very 
important  in  this  connection.  Their  conclusion  that  the  increasing 
length  of  day  in  spring  is  not  essential  for  the  appearance  of  normal 
oestrus  in  ferrets  in  spring,  is  perhaps  too  sweeping  in  its  implications 
and  not  completely  warranted  by  their  published  data.  "  Oestrus,"  to 
be  normal,  must  come  at  the  normal  time  and  by  the  same  time  sequence 
as  in  nature.  Their  data  show  that  the  "  oestrus  "  occurring  under 
their  experimental  conditions  was  later  than  normal  and  took  longer  to 
reach  the  receptive  stage  than  normal.  To  be  conclusive,  their  experi- 
ment should  have  begun  in  November  or  December,  not  after  their 
animals  had  been  subject  to  over  a  month  of  increasing  light  exposures, 
already  known  to  be  sexually  stimulating  (Bissonnette,  1932,  1933; 
and  their  own  earlier  experiments).  This  will  be  discussed  more  fully 
in  a  later  paper. 

Recent  experiments  by  Allanson,  Rowlands,  and  Parkes  (1934), 
adding  light  from  October  12  onward  and  following  up  with  injections 
of  pregnancy  urine  extracts,  gave  pregnancies  from  matings  on  Decem- 
ber 29  and  January  1,  and  litters  of  9  and  10  young  born  February  8 
and  11  and  show  that  added  lighting  in  autumn  increases  sexual  activity 
in  males  as  well  as  females.  Some  of  their  males  reached  complete 
sexual  activity  in  early  January  from  increased  lighting  alone.  Their 
litters  show  that  eggs  and  sperms  induced  by  artificial  activation  are 
fertile  and  viable.  Some  of  our  own  experiments  to  be  reported  later 
led  to  complete  spermatogenesis  and  accessory  sex-organ  activity  before 
November  7,  after  36  days  of  experimental  lighting  alone.  They  also 
showed  onset  of  regression  following  such  activity  in  spite  of  increasing 
light  exposures  as  a  result  of  some  internal  changes  in  the  animals  or 


312  THOMAS  HUME  BISSONNETTE 

on  passing  the  optimum  intensity  or  duration  of  daily  light  periods. 
To  date  the  internal  change  seems  to  offer  the-  best  explanation,  hased 
upon  a  time  factor  (Bachman.  Collip  and  Selve,  1934). 

SUMMARY  AND  CONCLUSIONS 

1.  Three  immature-  male  ferrets  were  kept  on  "short  days"  from 
November  10  till  killed  for  study  of  testes  and  epididymides  on  Feb- 
ruary 24,  March  15.  rind  April  S. 

2.  Three  similar  males  were  kept  on  "long  days"  from  November 
10  until   February  24,  June  S.  and  9. 

3.  Mating  reactions  and  sperm  ejaculating  power  were  tested  from 
January  13  onward. 

4.  Onset  of  sexual  activity  was  delayed  considerably  in  two  of  the 
"short  day"  animals,  as  compared  with  normals,  only  slightly  in  the 
third. 

5.  It  was  hastened   in   two   "long   day"   animals,   not   in   the   third, 
which  was  late. 

6.  In  both  groups,  interstitial^  came  into  activity  before  germ-cell-, 
and.   in   the   "long   da)  "   animals,   remained   active   longer   than    germ- 
cells,  when  regression   followed  the  climax  ot   activity. 

7.  Changes  in  epididymides  were  more  closely  correlated  with  those 
of  interstitials  than  with  those  of  germ-cells. 

S.  In  "long  day'  ferrets,  quickly  activated  or  not.  regression  set 
in  well  before  lime  S.  at  which  time  males  on  normal  light  cycles  are  at 
complete  sexual  activity,  in  spite  of  increasing  duration  and  intensity  of 
daily  light  exposures. 

9.  Therefore,  while  sexual  activity  may  be  induced  or  hastened  by 
increasing  daily  light  in  young  male  ferrets,  as  in  females,  in  these  males 
regression  sets  in  after  a  time  even  in  spite  of  increasing  light.  Re- 
gression in  such  males  is  related  either  to  changes  within  the  animals, 
like  fatigue  or  immunity  reactions,  or  to  an  increase  of  lighting  above 
the  optimum  or  to  both.  It  is  possible  that,  in  nature,  the  shortening 
days  after  June  21  hasten  it  or  intensity  its  effects. 
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I-L'RTHER   ANALYSIS   OF  Till'.    PROTECTIVE  VALUE   OF 

BIOLOGICALLY  CONDITIONED  FRESH  WATER  FOR 

THE  MARINE  TURBELLARIAN,  PROCERODES 

WHEATLANDI.     IV.  THE  EFFECT  OF 

CALCIUM 

K.  B.  OESTING  AND  \V.  C.  ALLEE 
(From  the  Marine  Biological  Laboratory  and  the  University  of  Chicago) 

In  a  series  of  studies  (1928,  1929,  1933)  Alice  has  shown  that  the 
marine  turbellarian,  I' roc  erodes  wheatlandi,  resists  cytolysis  longer  in 
extremely  hypotonic  water,  other  conditions  being  equal,  if  such  water 
has  been  biologically  conditioned  than  if  it  lacks  biological  contamina- 
tion. These  relations  hold  even  though  the  total  concentration  of 
electrolytes,  as  measured  by  the  conductivity  method,  is  the  same.  The 
balance  of  electrolytes  is  necessary  in  such  experimental  tests,  since  an 
increase  in  their  concentration  in  the  proportions  found  in  sea  water  like- 
wise confers  protection. 

Protective  biological  conditioning  results  when  other  Procerodes 
have  previously  been  exposed  to  the  fresh  water,  and  especially  so  if 
some  few  Procerodes  have  recently  died  and  disintegrated  in  it.  The 
protective  action  of  this  biologically  conditioned  fresh  water  is  main- 
tained after  dialysis  to  the  same  conductance  as  that  of  extremely  dilute 
sea  water  controls.  Water  extracts  of  marine  amphipods  and  of  fresh 
water  planarians,  Iiitphinaria  iiornin/li(C  (==  Planaria  inaculata).  show 
these  same  effects,  as  does  water  from  cultures  of  the  latter  and  water 
from  sterilized  hay  infusions  (,f  a  practically  pure'  culture  of  Parainc- 
ciiiin.  The  protective  effects  are  not  due  to  pH  differences,  or  to  a 
depressing  action  .such  as  is  produced  by  exposure  to  dilute  alcohol  or 
to  ethyl  urethane.  The  protective  agent  is  not  adsorbed  by  activated 
charcoal,  or  by  coagulated  egg  white. 

The  onset  of  cytolysis  was  determined  in  these  experiments  by  in- 
spection with  a  hand  lens.  The  results  have  been  confirmed  by  histo- 
lo-ical  undies  on  worms  taken  from  Alice's  1933  experiments  (Fowler. 

;i. 

Tamiii  M'Ml.7  and  b)  and  Weil  and  I'antin  (1(>31  )  have  studied  the 
adaptation  of  1'roccmdcs  (--Guuda}  itk'ic  to  fresh  waters.  Their  re- 
sults bear  on  our  problem  since  the  two  species  are  closely  related  taxo- 
no>nically  and  in  habitat  toleration.  P.  uk'(C  invades  small  streams 
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where  conditions  are  suitable ;  it  may  extend  up  these  to,  or  slightly 
above,  mean  high  water  at  neap  tides  (Ritchie,  1934).  The  reaction 
of  this  planarian  in  fresh  waters  varies  with  the  chemical  composition 
of  the  water.  The  worms  swell  less  and  recover  more  completely  on 
their  return  to  sea  water  if  placed  in  fresh  waters  rich  in  calcium  rather 
than  in  calcium-deficient  waters.  In  nature,  Ritchie  (1934)  has  found 
them  living  in  fresh  water  with  as  little  as  5  mgm.  per  liter  of  calcium 
for  as  long  as  five  days  when  periods  of  calm  weather,  with  the  resulting 
lack  of  salt  splash,  coincide  with  neap  tides. 

MATERIALS  AND  METHODS 

P.  wheatlandi  were  collected  daily  from  the  same  locality  as  in  the 
previous  studies  of  Alice.  Eitplanaria  iwvanglics  were  collected  from  a 
fresh  water  pond  known  to  be  low  in  salt  content ;  the  pond  water  used 
came  from  the  same  pond  which  was  also  the  source  of  these  planarians 
and  of  pond  water  in  Alice's  latest  work  (1933). 

The  interval  before  the  beginning  of  cytolysis  in  hypotonic  waters 
depends  on  several  factors,  among  which  are  the  following :  Small 
worms  begin  and  undergo  cytolysis  more  rapidly  than  do  larger  ones ; 
worms  long  in  the  laboratory  are  less  resistant  than  are  those  freshly 
collected ;  the  more  often  the  medium  is  renewed,  the  sooner  cytolysis 
begins.  The  higher  the  temperature,  or  the  lower  the  spcific  conduc- 
tance of  the  water,  the  less  the  resistance  of  Proccrodcs  (cf.  Allee, 
1933). 

Assays  of  the  protective  value  of  various  media  were  made,  keeping 
these  factors  as  nearly  identical  as  possible  for  the  worms  whose  re- 
sistance was  being  comparatively  tested  except  that  variations  in  specific 
conductance  were  used  as  a  tool  in  the  analyses.  The  worms  were  first 
isolated  in  a  small  drop  of  sea  water  on  the  curved  bottom  of  the  salt 
cellar  type  of  watch  glass ;  they  were  then  washed  five  times  with  the 
respective  media  into  which  they  were  to  be  placed.  The  worms  \vere 
paired  for  comparative  assays  before  the  test  began ;  the  members  of 
each  pair  were  selected  for  similarity  in  size,  activity,  and  laboratory  age. 
After  the  washings,  2  cc.  of  the  respective  media  were  run  over  each 
worm ;  this  liquid  was  renewed  every  one,  two,  or  four  hours,  depending 
on  the  severity  of  the  media  and  the  laboratory  age  of  the  worms.  The 
survivals  were  all  tested  at  room  temperature  in  a  room  with  north  ex- 
posure which  was  not  subjected  to  rapid  changes  in  temperature.  The 
highest  temperature  recorded  for  the  summer  in  this  room  was  25.5°  C. 
Examinations  were  made  every  fifteen  minutes  with  a  ten-power  hand 
lens  until  the  beginning  of  fatal  cytolysis  was  noted.  Ten  worms  were 
isolated  into  each  type  of  media  being  tested  in  an  assay. 
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iiductivity  measurements  were  made  using  a  Xo.  7651  Leeds  and 
Xorthrup  potentiometer  and  a  Washburn  type  conductivity  cell  designed 
for  solution^  with  low  conductance.  Specific  conductances  are  given  in 
ml;  ;  10"'.  Allee  has  previously  given  conductivity  measurements  in 
terms  of  ohms  resistance.  His  data  may  be  compared  with  those  given 
in  the  present  report  by  the  use  of  the  following  data:  under  the  con- 
dition-, given,  6.000  ohms  =5.42  X  10-"  mhos;  2.500  ohms  =  13.05  ) 
ID  mhos  and  1.700  ohms  =  1'».20  X  10-"'  mhos. 

Calcium  analyses  were  m:ide  using  the  Van  Slyke  and  Sendroy 
(1029)  method.  The  accuracy  of  this  method  to  within  the  one  per 
cent  claimed  for  it  was  confirmed  by  tests  on  the  recovery  of  calcium 
added  to  distilled  water  and  to  the  other  media  n»cd  in  this  work. 

TABLE  I 

The  Protective  Action  of  Calcium  for  Procerodes  Isolated  into  Extremely  Hypotonic 

Water 


Calcium  added 

Culrimn  m>t  added 

Experiment 
No. 

Medium 

Difference 

in  lion!  - 

Mhos 

Hours 

I  lours 

Mhos 

X  10 

survived 

-  in  vivcd 

X  Hi 

5 

Tap 

8.38 

2.74 

1.80 

7.30 

0.94 

6 

SIM 

30.12 

2.23 

1.25 

2S.69 

0.98 

6a 

Tap 

8.83 

3.95 

2.43 

7.15 

1.52 

8 

Tap 

21.29 

9.33 

4.00 

7.07 

5.33 

8a 

Sea 

40.80 

9.31 

4.03 

26.53 

5.28 

9 

Pond 

5.02 

7.20 

3.30 

4.7') 

3.90 

10 

Pond 

5.50 

5.50 

3.55 

4.79 

1  .95 

10a 

Pond 

6.27 

15.80 

5.32 

4.50 

10.48 

11 

Pond 

7.43 

3.23 

2.14 

4.79 

1.09 

12 

Pond 

7.13 

2.(.3 

2.20 

4.79 

0.43 

13 

Pond 

5.40 

4.34 

3.00 

L79 

1.34 

21 

Pond 

6.25 

5.98 

4.08 

1.79 

1.90 

Averages 

0.02 

3.09 

2.92 

Statistical  probability .   0.005 

F.Xl'KKI  M  K VI  Al.    Kl'.SI   I.TS 

i  "alcium.  as  CaCU,  \\'Hs  added  to  tap.  pond  and  to  extremely  hypo- 
tonic  sea  water  in  a  group  o!~  twche  experiments  with  results  which  are 
Mimmari/.cd  in  Table  1.  In  each  assay,  the  worms  survived  longer,  on 
the  average,  in  the  water  to  which  calcium  had  been  added  than  did  con- 
trol worms  in  otherwise  similar  water.  The  amount  of  calcium  used 
differed  in  different  te^ts;  in  all  cases  the  increase  in  specilic  conduc- 
tance is  a  measure  of  the  calcium  added.  Further  comparisons  can  be 
made  from  the  fact  that  in  Fxperiment  S.  1  cc.  of  M/10  CaO,  was 
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added  to  200  cc.  of  tap  water  and  in  Experiment  8</  the  same  amount 
was  added  to  200  cc.  of  1  :  300  sea  water. 

Although  varying  amounts  of  calcium  were  added  and  further  vari- 
ations were  caused  by  differences  in  laboratory  age  and  in  the  number 
of  changes  of  the  media  during  the  assays,  when  the  data  given  in  Table 
I  are  considered  as  twelve  paired  experiments,  the  difference  in  survival 
of  2.92  hours  has  a  statistical  probability  of  0.005. l  The  coefficient  of 
correlation  between  the  differences  in  the  amount  of  calcium  as  meas- 
ured by  specific  conductance  and  the  differences  in  the  resistance  of  the 
worms  is  0.3691 ;  this  is  statistically  significant. 

TABLE  II 

Relative  survival  of  Procerodes  isolated  in  tap  water  and  in  dilute  sea  water.  Time 
is  given  in  hours  and  each  value  is  the  average  for  10  worms;  specific  conductance  is 
in  mhos. 


Experiment 
No. 

Dilute  sea  water 

Tap  water 

Survival 

Sp.  cond.  X  105 

Survival 

Sp.  cond.  X  10' 

1 

4.825 

19.07 

5.725 

6.64 

2 

6.667 

20.14 

8.566 

6.38 

3 

4.697 

25.90 

7.865 

6.79 

4 

2.768 

28.69 

2.100 

7.82 

5 

1.535 

27.95 

1.800 

7.30 

6 

1.250 

28.69 

2.425 

7.15 

7 

7.875 

39.75 

8.150 

7.07 

8 

4.775 

26.53 

4.000 

7.07 

Averages 

4.299 

\ 

27.09 

5.079 

7.03 

The  relatively  greater  protection  from  hypotonic  water  furnished  by 
calcium  in  comparison  with  that  given  by  other  electrolytes  in  the  pro- 
portions found  in  sea  water  is  illustrated  by  the  data  summarized  in 
Experiments  8  and  8a,  Table  I,  and  the  further  data  given  in  Table  II. 
In  Experiments  8  and  Sa,  despite  the  differences  in  conductance,  there 
is  no  significant  difference  in  survival  of  worms  in  tap  water  or  in 
1 : 300  sea  water  and  again  there  is  no  significant  difference  in  survival 
in  these  two  waters  after  the  same  amount  of  calcium  is  added.  There 
is  a  decidedly  significant  difference  between  the  survival  of  the  worms 
in  either  water  before  and  after  the  addition  of  calcium. 

The  waterworks  of  Falmouth,  which  supplies  the  tap  water  used  in 
these  experiments,  now  uses  a  lime  treatment  which  materially  increases 
the  calcium  content.  This  treatment  was  started  since  Alice's  last  pre- 

1  Values  of  0.05  or  less  are  usually  considered  statistically  significant.  "  Stu- 
dent's "  method  of  paired  comparisons  was  used  in  all  statistical  analyses. 
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ceding  experiments.  The  presence  of  this  calcium  probably  accounts 
for  tlu-  markedly  greater  protection  of  P roc  erodes  in  this  water  over 
that  which  would  be  expected  from  its  low  specific  conductance.  The 
dilutions  of  sea  water  contained  approximately  four  times  as  much 
electrolytes  as  did  the  tap  water ;  rough  calculations  of  the  calcium  con- 
tent from  analyses  furnished  by  the  Falmouth  waterworks  showed  this 
to  be  practically  the  same  in  the  two.  The  survival  of  the  Procerodes 
isolated  in  the  two  types  of  water  was  approximately  the  same  in  both: 

TABLE  III 

Survival  of  Procerodes  in  planarian-conditioned  fresh  water  as  compared  with  that 
shown  in  different  control  media.  Ten  worms  were  assayed  in  each  experiment  except 
No.  13  in  which  eight  were  used. 


Experiment  No. 

Hours  of  survival 

I 

11 

in 

IV 

Planarian-condi- 
tioned water 

Pond 

water 

Pond  wat'-i 
+  CaCl, 

Pond  water 
+  sea  water 

9 

4.025 

3.300 

7.900 

— 

10 

3.925 

3.550 

4.650 

— 

11 

3.650 

2.650 

3.725 

2.150 

12 

2.525 

2.275 

2.725 

2.200 

13 

4.156 

2.594 

4.219 

3.188 

20 

1.525 

0.750 

1.350 

1.225 

21 

5.250 

2.925 

5.975 

4.075 

Means 

3.579 

2.578 

4.363 

2.568 

Statistical  analysis 


Difference 

Probability 

Cases 

I-  II 

0.9900 

0.0000 

68 

III-  I 

0.9375 

0.0004 

68 

III-II 

1.7941 

0.0000 

68 

I-IV 

0.8490 

0.0010 

is 

IV-  11 

0.3125 

0.2508 

48 

III  -IV 

1.0313 

0.0000 

48 

tin-  mean   difference  of  0.78  hours  longer   survival  in  tap  water  lacks 
-tati^tical  significance   (P.  =  0.1 33). 

It  is  evident  from  these  data  that  calcium  delays  the  onset  of  cytolysis 
when  l'n>crnnlc.\-  are  isolated  in  extremely  hypotonic  fresh  waters. 
Any  factor  which  would  tend  to  increase  the  amount  of  calcium  present 
then,  should  confer  such  protection.  This  leads  to  the  fundamental 
question  of  the  present  inquiry:  Is  the  protective  value  of  biologically 
conditioned  water  to  In-  attributed  to  a  differential  increase  in  calcium 


EFFECT  OF  CALCIUM  ON  PROCERODES 


319 


which  accompanies  conditioning?  It  is  at  once  obvious  that  the  addi- 
tion of  sea  water  to  a  control  sample  of  fresh  water  until  its  total  electro- 
lyte content  equals  that  of  a  biologically  conditioned  sample  as  measured 
by  the  conductivity  method,  while  furnishing  a  basis  for  an  adequate 
check  on  protection  due  to  increased  osmotic  pressure,  gives  inadequate 
control  over  any  specific  electrolyte  such  as  calcium.  It  is  necessary  to 
test  directly  for  the  amount  of  calcium  present  and  to  confirm  its  effec- 
tiveness in  biologically  conditioned  water. 

Unless  otherwise  stated,  the  amount  of  biological  conditioning  used 
was  that  furnished  by  200  Euplanaria  novanglice  living  in  one  liter  of 
fresh  pond  water  for  approximately  44  hours,  or  its  equivalent  obtained 
by  using  fewer  worms  for  a  longer  period.  Sea  water  and  calcium 
chloride  were  added  respectively  to  other  portions  of  fresh  pond  water 
until  the  specific  conductance  of  all  three  solutions  was  the  same.  As 
an  additional  control,  except  in  Experiments  9  and  10,  a  sample  of  un- 
treated pond  water  was  assayed  together  with  the  above  media.  The 
average  survival  times  of  Procerodes  from  seven  such  experiments  are 
shown  in  Table  III. 


TABLE  IV 

Calcium  analyses  of  assayed  samples  of  media  from  Table  III;  results  shown  in 
mgm.  calcium  per  liter. 


I 

II 

III 

IV 

Planarian-condi- 
tioned  water 

Pond 
water 

Pond  water 
+  CaCla 

Pond  water 
+  sea  water 

Calcium  content  

2.072 

0.809 

3.410 

1.018 

These  data,  together  with  the  statistical  analyses,  show  that  planarian- 
conditioned  water  has  a  protective  value  lying  between  that  of  pond 
water  plus  sea  water  and  pond  water  plus  calcium  chloride  when  all  are 
of  the  same  electrolytic  content.  When,  however,  the  amount  of  cal- 
cium present  in  the  planarian  culture  water  (Table  IV)  was  determined 
and  calcium  chloride  was  added  to  pond  water  to  bring  the  calcium  con- 
tent to  that  of  the  planarian-conditioned  water,  no  difference  could  be 
detected  between  the  effectiveness  of  these  two  waters  in  protecting  the 
Procerodes  isolated  in  them.  These  results  are  summarized,  together 
with  a  statistical  analysis,  in  Table  V. 

To  determine  whether  any  factor  other  than  calcium  might  be  in- 
volved in  the  protection  furnished  by  planarian-conditioning,  a  medium 
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Procerodes  survival  in  pond  water  and  planarian-conditioned  pond  water  with 
the  same  calcium  content. 


Hours  of  survival 


;  .eriment  No. 

I 

II 

in 

IV 

Planarian-condi- 
tioned water 

Pond 
water 

Pond  water 
+  sea  water 

Pond  water 
+  CaCls 

26 

5.250 

5.650 

3.850 

8.300 

27 

1.875 

2.150 

1.150 

3.500 

Means 

3.563 

5.900 

2.500 

5.000 

Statistical  analysis 


Difference 

Probability 

Cases 

I-  II 

-0.3375 

1.0000 

20 

I-II] 

1.0625 

0.0396 

20 

IV-    I 

2.3375 

0.0052 

20 

II-II] 

1.4000 

0.0230 

20 

IV     II 

2.(t()(io 

0.0344 

20 

IV  III 

3.4000 

0.0000 

20 

was   made  up  to  represent   a  synthetic   river   water    (Henderson,    1913, 
p.  113).     To  each  liter  of  water  the  following  salts  were  added: 

100  my  in.  CaCL 
50  mgm.   MgSO4 
25  mgm.  NaCl 

10  m-m.    KC1 

This  water  in  full,  half-  and  quarter-strengths,  when  conditioned  hv 
planarians.  -Imwcd  m,  change  in  the  total  electrolytic  content;  likewise 
then-  wa-  no  protection  for  I'roccrodcs  when  compared  by  the  usual 
assay  to  the  survival  shown  in  similarly  treated  but  unconditioned  syn- 
thetic river  water.  The  results  of  these  experiments  together  with  a 
-tatistical  analysis  are  stimmari/ed  in  Table  VI.  From  all  this  evidence, 
we  can  safely  conclude  that  an  increase  in  calcium  is  the  factor  furnish- 
ing the  protection  to  I }  roc  erodes  in  planarian-conditioned  pond  water. 
3  previous  work  had  shown  that  water  extracts  of  Procerodes 
themselves  furni-hed  a  potent  protection  for  other  worms  of  the  same 
species  isolated  in  extremely  hypotonic  media.  The  relation  between 
this  protection  and  the  calcium  content  of  the  water  was  also  tested. 
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I'roccrodcs  extract  was  prepared  as  in  the  earlier  work.  After  five 
wa-hin-s  with  distilled  water,  500  Proccrodcs  were  boiled  in  distilled 
wau-r  fur  ahout  15  minutes.  The  beaker  was  then  covered  and  set  aside 
f<>r  24  hours.  Controls  were  made  up  to  the  same  specific  conductance 
as  the  extract  by  adding  calcium  chloride  to  distilled  water  and  sea  \vater 
to  distilled  water  respectively.  All  three  media  were  then  assayed  for 
their  protective  value  to  Proccrodcs  and  were  then  analyzed  for  calcium. 
It  is  evident  from  an  examination  of  Tables  VII  and  VIII  which  sum- 
marize these  data  that  calcium  is  also  the  factor  in  Proccrodcs  extracts 


TABLE  VII 

The  protective  value  of  Procerodes  extracts  for  Procerodes  isolated  in  hypotonic 
media;  each  survival  lime  given  is  the  average  for  ten  worms. 


Experiment  No. 

Hours  survival 

I 
Procerodes  extract 

II 
Dist.  H2O  +  CaCli 

ill 
Dist.  H»O  +  sea  water 

28 
29 

6.150 
2.100 

6.350 

3.000 

4.150 
1.750 

Means 

4.125 

4.675 

2.f)5(i 

I-  II 
I-II1 

II-III 

St;it  i-tical  analysis 

Difference 

Probability 

Cases 

0.550 
1.175 

1.725 

0.5280 
0.0/i  1  1 
0.0050 

20 
20 

20 

TABLE  VIII 

Calcium  analyses  of  assayed  samples  from  T.ible  VII;  results  shown  in  mgm. 

per  HUT. 


Procerodes 
extract 

Dist.  HoO 
+  CaCl-- 

Dist.  HjO 
+  sea  water 

Calcium  content      

7.20 

8.66 

0.42 

which  furnishes  the  observe.!  protection  for  Proccrodcs.  Since  making 
a  water  extract  of  Procerodes  is  a  short-cut  method  for  preparing  Pro- 
rmM/f-y-conditionrd  wau-r.  it  is  unnecessary  to  examine  this  possibility 
for  further  conlirmatorv  evidence  that  an  increase  in  calcium  is  the  fac- 
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tor  furnishing  protection  to  Proccrodcs  in  biologically  conditioned  fresh 
waters. 

DISCUSSION 

These  experiments  were  carried  on  by  essentially  the  same  methods 
used  by  Alice  in  his  preceding  studies  and  support  his  results  wherever 
similar  points  were  being  tested.  Specifically,  in  addition  to  more  gen- 
eral relations,  these  experiments  confirm  the  earlier  findings,  that,  other 
conditions  being  equal,  Proccrodcs  survive  longer  (1)  if  the  osmotic 
pressure  is  increased  by  the  addition  of  sea  water;  (2)  if  the  hypotonic 
water  is  biologically  conditioned  (a)  by  the  presence  of  living  fresh 
water  planarians  or  (b)  by  the  presence  of  water  extracts  of  freshly 
killed  Proccrodes. 

In  addition,  the  earlier  results  are  extended  by  the  demonstration 
that  there  is  more  calcium  added  than  would  be  expected  from  its  pro- 
portionate concentration  in  sea  water  and  that  calcium  has  protective 
value  greater  than  would  be  expected  from  its  osmotic  effect.  There  is 
nothing  in  the  earlier  experiments  which  is  out  of  harmony  with  the 
present  findings. 

In  certain  of  Alice's  work  (1929,  1933)  the  conditioned  water  was 
dialyzed  to  bring  the  specific  conductance  to  the  desired  experimental 
level.  Such  dialyzed  solutions  were  definitely  protective.  This  protec- 
tion can  be  explained  adequately  in  the  light  of  the  present  work  if  one 
considers  the  amounts  of  calcium  introduced  into  conditioned  water,  for 
example,  by  Proccrodes  extracts  (cf.  Table  VIII).  Even  if  one  as- 
sumes that  the  collodion  membranes  used  were  freely  permeable  to  cal- 
cium, the  calcium  content  could  be  reduced  by  more  extreme  dialysis 
than  that  used  and  still  leave  enough  calcium  to  be  definitely  protective 
as  compared  with  a  similarly  hypotonic  sea  water  control. 

The  demonstration  that  the  protective  action  of  these  biologically 
conditioned  solutions  is  due  to  the  increased  calcium  content  in  so  far  as 
the  resistance  of  Proccrodes  •wheatlandi  to  hypotonic  water  is  concerned, 
brings  this  phenomenon  into  line  with  the  greater  resistance  shown  by 
Procerodcs  (==(iitinla}  nlrcc  to  fresh  water  when  the  calcium  content 
is  high.  This  is  hardly  the  place,  nor  is  Procerodes  necessarily  the  most 
favorable  material  for  an  inquiry  into  the  mechanisfn  of  calcium  protec- 
tion under  these  conditions. 

The  analyses  of  Pantin  and  his  associates  and  of  Beadle  (1931, 
1934)  indicate  that  P.  ulvce  lives  in  osmotic  equilibrium  with  sea  water 
and  reaches  a  steady  physiological  state  in  certain  fresh  waters.  This 
steady  state  is  not  the  result  of  simple  osmotic  balance  but  is  dependent 
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largely  on  the  calcium  content  of  the  water.  It  is  maintained  in  part 
by  a  change  in  the  permeability  of  the  surface  epithelium  and  is  accom- 
panied by  increased  respiration:  it  cannot  lie  maintained  indefinitely  in 
extremely  hypotonic  waters.  It  seems  highly  probable  (cf.  \Yeil  and 
I'antin.  1(J31  )  that  the  mechanism  with  these  planarians  is  related  to  that 
in  other  cells  in  certain  of  which  it  has  been  shown,  Arbacia  eggs  for  ex- 
ample (McCutcheon  and  I.ncke.  1928).  that  calcium  decreases  cell  per- 
meability to  water  and  (Heilbrunn.  1930)  favors  membrane  formation 
at  a  broken  surface.  The  protection  in  these  cases  appears  to  be  clue 
to  a  decreased  water  intake  rather  than  to  a  decreased  leaching  out  of 
materials  essential  for  continued  existence. 

\Ve  have  not  investigated  the  range  of  concentrations  of  calcium 
which  would  delay  cytolysis  in  I'roccrodcs  placed  in  hypotonic  water;  in 
fact,  we  have  established  neither  the  upper  nor  the  lower  effective  con- 
centration. \Ye  know  that  an  increase  in  specific  conductance  produced 
by  the  addition  of  calcium  chloride  equal  to  1.08  )[  10  r>  mhos  will  give 
measurable  protection.  A  rough  calculation  shows  that  this  is  approxi- 
mately equivalent  to  the  introduction  of  M/2600  CaCL.  This  ap- 
proaches the  lower  limit  of  effectiveness  under  the  conditions  of  our 
experiments.  I'.uchanan  (1(>35)  reports  that  complete  cytolysis  readily 
occurs  in  Euphinaria  dorotoccplntln  in  distilled  water  while  in  distilled 
water  solutions  of  CaCl.,  there  is  no  cvtolvsis  in  concentrations  from 
M/500  to  M  '40.000  and  cytolysis  is  distinctly  delayed  in  a  dilution  of 
M  100,000.  He  found  a  detectable  protective  action  in  a  M  1,000,000 
solution. 

We  have  been  engaged  in  investigating  the  relation  between  calcium 
and  the  protective  action  of  biological  conditioning  in  extremely  hypo- 
tonic  waters  when  tin-  calcium  content  is  relatively  low.  \Ye  have  little 
evidence  regarding  the  effectiveness  or  non-effectiveness  ,,f  such  condi- 
tioning when  the  calcium  is  high.  There  are  some  indications  in  the 
first  three  significant  lines  in  Table  VI  where  full  strength  synthetic 
river  water  was  used,  that  such  conditioning  may  be  effective.  If  so. 
-Mine  other  mechanism  than  an  increase  in  calcium  is  probably  acting. 
These  conditions  approximate  those  found  when  a  hard  water  stream 
from  a  limestone  region  (lows  into  the  ocean  (cf.  Breder,  1934).  There 
is  evolutionary  and  ecological  as  well  as  physiological  interest  in  the  rela- 
tions bet  ween  numbers  present  and  the  effectiveness  of  the  invasion  of 
such  waters.  <  hir  present  work  does  not  deal  with  this  question.  I  low- 
ever,  it  does  -li,,\v  that  marine  invasions  by  animals  with  the  physiologi- 
cal requirements  nf  I'riii-fnxlc.f  into  such  relatively  soft  fresh  waters  as 
we  have  investigated  is  definitely  favored  by  the  presence  in  these  waters 
ot  calcium  excretors  such  as  Euplanaria  novanglice  has  been  shown  to  be. 
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\Ve  have  no  information  concerning  the  actual  importance  of  such  con- 
ditioning under  natural  conditions. 

Throughout  these  studies  there  has  been  evidence  of  two  opposing 
effects  of  numbers  upon  the  resistance  of  these  worms  to  fresh  water; 
(a)  the  protective  effect  of  freshly  conditioned  water  or  of  numbers  of 
animals  present  and  (b)  the  harmful  effect  of  numbers  which  shows  up 
in  conditioned  media  that  have  been  allowed  to  go  stale.  At  the  osmotic 
level  of  these  experiments,  the  protective  effect  is  due  to  an  increase  in 
calcium  and  while  the  harmful  effect  has  not  been  analyzed,  it  is  a  good 
<7  priori  guess  that  the  observed  ill  effects  are  associated  with  the  accumu- 
lation of  waste  products  of  metabolism  or  to  decomposition  products  of 
these. 

The  series  of  experiments  of  which  this  is  the  fourth  report,  were 
begun  and  have  been  prosecuted  primarily  in  an  investigation  of  a  phase 
of  mass  physiology  associated  with  animal  aggregations  (cf.  Alice. 
1931,  1934).  The  original  impetus  towards  these  particular  experi- 
ments came  from  the  observations  of  Drzewina  and  Bohn  (1920,  1928) 
that  the  marine  turbellarian  Convoluta  roscoffcnsis  survives  longer  in 
hypotonic  water  if  present  in  numbers  than  if  isolated.  This  protection 
they  attributed  to  the  more  rapid  production  of  some  sort  of  auto- 
protective  substance  by  the  group  than  would  be  possible  for  a  single 
individual.  This  suggestion  is  now  seen  to  have  been  essentially  correct 
and,  under  the  conditions  of  our  experiments,  to  be  composed  of  nothing 
more  mysterious  than  calcium. 

SUMMARY 

1.  An  increase  in  the  calcium  content  of  extremely  hypotonic  water, 
when  the  calcium  content  is  less  than  that  found  in  sea  water,  delays  the 
onset  of  fatal  cytolysis  for  Proccrodcs  u'lieatlandi  isolated  in  such  media. 

2.  Other  electrolytes,  even  when  increased  appreciably,  do  not  show 
this  same  protection ;  however,  some  protection  of  an  osmotic  nature  is 
apparent. 

3.  The  increase  of  calcium  in  biologically  conditioned  fresh  waters  is 
adequate  to  explain  their  observed  protection  for  Procerodes. 
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ON  THE  INFLUENCE  OF  PYOCYANINE  ON  THE  RESPIRA- 
TION OF  THE  SEA  URCHIN  EGG 

JOHN  RUNNSTROM  1 

(Prom  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research,  Nciv 
York,  and  the  Marine  Biological  Laboratory,  Woods  Hole,  Mass.) 

Barren  (1929)  has  demonstrated  that  the  respiration  of  the  unfer- 
tilized Arbacia  and  Asterias  egg  is  increased  by  methylene  blue.  Runn- 
strom (1930)  reported  similar  observations  for  the  Paracentrotus  egg. 
Runnstrom  (1930,  1932)  and  Orstrom  (1932)  studied  chiefly  the  influ- 
ence of  dimethylparaphenylene  diamine  on  Paracentrotus  eggs.  This 
compound  penetrates  the  eggs  and  causes  a  considerable  increase  of 
respiration  both  of  the  fertilized  and  the  unfertilized  eggs.  The  res- 
piration of  the  eggs  in  the  diamine  solution  is  inhibited  by  cyanide  and 
carbon  monoxide.  The  degree  of  inhibition  by  cyanide  is  the  same 
in  the  unfertilized  and  fertilized  diamine  eggs.  The  same  holds  true 
for  the  inhibition  by  CO,  if  the  respiration  is  equal  in  the  unfertilized 
and  fertilized  diamine  eggs.  The  degree  of  inhibition  by  CO  is  de- 
pendent on  the  rate  of  reduction  of  the  iron-containing  enzyme  of 
Warburg  (1932).  The  higher  the  rate  of  reduction  the  more  accessible 
is  the  enzyme  to  CO,  which  reacts  with  the  reduced  form  of  the  enzyme 
(Warburg).  Runnstrom  inferred  from  his  inhibition  experiments  that 
dimethylparaphenylene  diamine  is  not  auto-oxidized  in  the  sea  urchin 
egg  but  must  be  oxidized  by  the  reduction  of  the  iron-containing  enzyme. 
Further,  it  was  inferred  that  this  enzyme  is  also  present  in  the  unfer- 
tilized egg  in  a  reactive  state,  but  the  rate  of  oxidation  is  limited  by  a 
block  in  the  chain  of  "  carriers  "  (Keilin,  1929)  which  connects  the 
iron-containing  enzyme  and  the  substrate-dehydrase  system. 

Barren  did  not  find  any  inhibition  of  the  respiration  enhanced  by 
methylene  blue  on  addition  of  cyanide.  This  increase  of  the  respira- 
tion is  not  due  to  a  higher  activity  of  the  iron-containing  enzyme. 
Methylene  blue  is  reduced  by  systems  in  the  cell  which  cannot  react 
directly  with  molecular  oxygen.  It  seemed  to  the  writer  of  interest  to 
try  the  action  of  pyocyanine  on  the  respiration  of  the  sea  urchin  egg. 
Pyocyanine  belongs  with  respect  to  its  oxidation  reduction  potential  to 
the  same  range  as  methylene  blue.  As  shown  by  Friedheim  and 
Michaelis  (1931)  and  further  by  Michaelis,  Hill,  and  Schubert  (1932), 
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the  pyocyanine  can  be  oxidized  or  reduced  in  two  steps,  each  step 
involving  the  transfer  of  one  electron.  Methylene  blue,  on  the  other 
hand,  is  oxidized  or  reduced  in  one  step,  each  step  involving  the  transfer 
of  two  electrons.  This  difference  may  be  physiologically  significant. 
Friedheim  (1931)  has  shown  that  pyocyanine  is  a  more  effective  cata- 
lyzer of  some  oxidations  than  methylene  blue.  Further  (Friedheim, 
1934),  he  found  that  the  aerobic  glycolysis  of  tumors  can  be  decreased 
in  presence  of  pyocyanine.  The  present  writer  and  Michaelis  (Runn- 
strom  and  Michaelis,  1934)  have  proved  that  the  action  of  methylene 
blue  and  pyocyanine  is  different  in  the  system  hemolyzed  red  blood  cells 
plus  hexosephosphate.  The  oxygen  uptake  is  the  same  with  both  dye- 
stuffs,  but  in  the  presence  of  pyocyanine  a  coupling  between  the  respira- 
tion and  the  synthesis  of  phosphate  esters  is  induced,  which  does  not 
exist  or  is  much  less  conspicuous  in  the  same  system  containing  methy- 
lene blue. 

TABLE  I 


Unfertilized  Eggs 

Control 

Pyocyanine 

0.006% 

0.009% 

0.012% 

0.015% 

cu    mm    O2  in   150  min             .    . 

30 

75 
125 

84.5 
180 

93 
210 

93 
210 

I  ncrease   per  cent  

Fertilized  Eggs 

cu    mm   O2  m  150  mm                .  . 

112 

128 
14 

204 
80 

212 
90 

220 
96 

I  ncrease   per  cent 

Suspension:  4.5  per  cent. 

The  oxygen  consumption  was  measured  in  the  present  research  by 
Warburg's  manometric  method.  The  type  of  vessels  used  was  that 
described  by  Borei  (1934).  It  has  proved  to  be  useful  for  experiments 
with  the  sea  urchin  eggs.  Into  each  vessel  always  3  cu.  cm.  of  the  egg 
suspension  was  introduced.  A  5  per  cent  solution  of  KOH  was  intro- 
duced into  the  inset  as  well  as  into  one  of  the  two  side  arms.  The  con- 
centration of  the  suspension  was  determined  by  centrifuging  in  capillary 
tubes  as  described  by  Runnstrom  (1933).  The  values  obtained  were 
con  'a  -u-<l  for  the  interstitial  water  by  multiplication  with  the  factor  0.64, 
cf.  Teissicr  (1929).  All  conclusions  are  based  on  comparisons  between 
values  obtained  in  experiments  with  uniform  material.  Thus  the  exact 
absolute  concentration  of  the  suspensions  is  of  minor  importance. 

Table  I  gives  the  evidence  that  the  respiration  is  increased  consid- 
erably in  both  fertilized  and  unfertilized  eggs  on  addition  of  pyocyanine. 
The  percentage  increase  is  much  higher  in  the  unfertilized  than  in  the 
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fertilized  eggs.  On  the  other  hand,  the  ahsolnte  values  of  the  oxygen 
consumption  in  the  unfertilized  eggs  are  lower  than  those  of  the  fer- 
tilized eggs.  The  highest  value  ohtained  in  the  unfertilized  eggs  is  still 
somewhat  below  that  found  in  the  normal  fertilized  eggs.  The  eggs 
can  be  fertilized  in  the  solution  of  pyocyanine  in  sea  water.  As  can  be 
predicted  from  Table  I,  the  percentage  increase  of  the  oxygen  consump- 
tion is  much  lower  than  under  normal  conditions.  At  the  concentration 
0.006  per  cent  pyocyanine  the  increase  is  only  75-125  per  cent,  while 
in  the  control  the  increase  amounts  to  400-500  per  cent.  The  eggs 
treated  with  pyocyanine  were  transferred  at  the  end  of  the  measure- 
ments to  normal  sea  water.  The  unfertilized  eggs  are  in  no  way  acti- 
vated and  could  be  fertilized.  The  division  of  the  fertilized  eggs  took 
place  in  the  pyocyanine  solution.  In  the  higher  concentrations  (0.012- 
0.015  per  cent)  the  division  was,  however,  delayed  or  suppressed  in 
spite  of  the  increased  respiration.  The  eggs  developed  after  transfer 
to  normal  sea  water  to  the  pluteus  stage.  A  certain  injurious  effect  of 

TABLE  II 


Unfertilized  Eggs 

Pyocyanine   per  cent         

0 
24 

0.003 

36 
49 

0.006 

64 
167 

0.02 

82 
240 

0.02 
0.001 
110 
360 

0.02 
0.0025 
128 
435 

HCN  n  

cu   mm   O2  in  120  min.           .... 

Increase,  per  cent  

the  higher  concentrations  of  pyocyanine  was  evident,  even  after  transfer 
to  normal  sea  water. 

An  increase  of  the  oxygen  consumption  was  regularly  observed  on 
addition  of  HCN  to  the  unfertilized  eggs  in  pyocyanine. 

In  the  highest  HCN  concentration  the  oxygen  consumption  was 
equal  to  or  somewhat  higher  than  in  the  fertilized  control  eggs. 

The  same  material  was  used  for  the  experiments  on  which  Tables  II 
and  III  are  based.  The  figures  are  thus  directly  comparable.  The 
respiration  of  the  fertilized  pyocyanine  eggs  is  decreased  by  addition  of 
HCN.  The  residual  respiration  is  about  70  per  cent.  From  other  ex- 
periments the  residual  respiration  in  presence  of  0.0025  N  HCN  is 
known  to  be  only  about  30-35  per  cent.  It  is  easy  to  see  that  the  part 
of  the  respiration  induced  by  pyocyanine,  266 --123=  140  cu.  mm., 
is  not  inhibited  by  HCN:  30  per  cent  of  123  is  about  40  cu.  mm.; 
140  -)-  40  cu.  mm.  is  equal  to  180  cu.  mm.,  which  is  the  oxygen  con- 
sumption observed  in  the  eggs  in  pyocyanine  plus  HCN.  In  some 
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cases  the  residual  respiration  was  somewhat  higher  than  expected  ac- 
cording to  the  above  calculation  but  there  is  always  an  inhibition. 

No  data  are  available  about  the  HCN  inhibition  in  the  unfertilized 
eggs  of  Arbacia  in  sea  water  without  pyocyanine,  but  to  judge  from 
figures  (Runnstrom,  1930)  valid  for  the  Paraccnlrohis  egg,  the  inhi- 
bition is  weak  in  the  normal  (not  aged)  unfertilized  egg  as  compared 
with  the  inhibition  in  the  fertilized  egg. 

The  rise  of  the  oxygen  consumption  of  the  eggs  in  sea  water  plus 
pyocyanine  is  greater  than  on  addition  of  methylene  blue.  In  one  ex- 
periment the  increase  of  respiration  in  unfertilized  eggs  was  60  per  cent 
in  presence  of  0.006  per  cent  methylene  blue,  while  the  increase  caused 
by  0.006  per  cent  pyocyanine  (a  concentration  very  nearly  equimolecular 
to  that  of  the  methylene  blue  in  this  experiment)  was  200  per  cent. 

At  the  suggestion  of  Dr.  Alfred  Mirsky,  the  eggs  were  frozen  by 
means  of  solid  CO,  and  ether  at  a  temperature  of  about  — 80°  C.  These 

TABLE  III 


Fertilized  Eggs 

Pyocyanine 

per  cent                     

0 

0.02 

0.02 

HCN  n 

0.0025 

cu   mm   O2 

in  120  m  in             

123 

266 

181 

Suspension:  4  per  cent. 

eggs  were  then  allowed  to  thaw  slowly  at  room  temperature.  The 
thawing  breaks  up  the  eggs.  A  part  of  the  egg  contents  is  dissolved 
in  the  sea  water,  another  part  remains  undissolved.  The  thawed  eggs 
show  a  certain  oxygen  uptake,  but  this  is  considerably  enhanced  by  the 
addition  of  pyocyanine  or  methylene  blue.  In  many  experiments  hexose 
phosphate  was  added,  which  increased  the  oxygen  uptake  100-200  per 
cent.  (Table  IV.) 

Pyocyanine  gives  a  somewhat  higher  oxygen  consumption  than 
i Methylene  blue  added  to  the  above  system  with  hexose  phosphate.  In 
MI ie  experiment  the  oxygen  consumption  in  presence  of  methylene  blue 
was  97  cu.  mm.,  while  in  presence  of  pyocyanine  it  was  123  cu.  nun.  in 
120  minutes. 

In  the  experiments  cited  above  (Table  III)  it  is  evident  that  the 
respiration  in  fertilized  eggs  to  which  HCN  has  been  added  is  increased 
by  addition  of  pyocyaniiie  to  a  level  above  the  normal.  The  concen- 
tration of  HCX  in  (juestion  blocks  the  mitotic  process.  If  the  eggs 
were  brought  into  the  IICN  sea  water  soon  after  fertilization,  the 
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division  stopped  in  an  early  prophase,  in  the  stage  characterized  in  the 
living  material  by  the  appearance  of  the  clear  streak  near  to  the  nucleus. 
A  certain  increase  of  the  volume  of  the  nucleus  takes  place  hut  the 
dissolution  of  the  nuclear  membrane  docs  not  occur  in  the  presence  of 
HCN.  The  block  is  due  without  any  doubt  to  the  depression  of  the 
respiration  by  HCN.  The  effect  is  the  same  in  nitrogen  containing 
traces  of  oxygen.  In  pure  nitrogen  even  the  fusion  of  the  pronuclei 
and  the  swelling  of  the  sperm  nucleus  is  prevented.  The  normal  level 
of  oxygen  consumption  is  more  than  restored  by  the  addition  of  pyo- 
cyanine  to  the  egg  suspension  with  HCN,  yet  the  division  is  stopped  at 

TABLE  IV 

Unfertilized    eggs    remained    frozen    during    four    days.  After    thawing    the 
suspension  was  diluted  70  per  cent  with  distilled  water.2 

Hexose  monophosphate  m 0.012 

Pyocyanine,  %  0.006  0.006 

cu.  mm.  Oo  in  130  min 55  140 

the  same  stage  as  without  pyocyanine.  The  increased  respiration  is 
quite  ineffective,  when  caused  by  the  presence  of  pyocyanine.  The  eggs 
were  also  kept  in  pure  nitrogen  and  it  was  found  that  the  division  is 
completely  inhibited  even  in  presence  of  pyocyanine,  the  concentration 
of  which  was  varied  from  0.006-0.02  per  cent.  The  eggs  were  brought 
almost  immediately  after  fertilization  into  Erlenmeyer  flasks  closed  by 
rubber  stoppers  which  were  pierced  by  two  glass  tubes.  Nitrogen, 
purified  over  heated  reduced  copper,  was  bubbled  through  the  flasks. 
After  two  hours  the  bubbling  of  nitrogen  was  stopped  and  the  stoppers 
removed.  It  was  found  that  gradually  the  development  started  again. 
The  rate  of  recovery  is  the  same  with  and  without  the  pyocyanine.  Our 
results  agree  with  those  of  Orstrom  (cf.,  Runnstrom,  1933)  according 
to  which  methylene  blue  does  not  promote  the  development  of  the 
Paracentrotus  egg  under  anaerobic  conditions.  It  seems  that  the  op- 
posite results  reported  by  Rapkine  (1929)  are  due  to  some  technical 
error.  The  cell  division  can  be  completed  only  if  the  eggs  are  subject 
to  anaerobic  conditions  after  the  dissolution  of  the  nuclear  membrane. 
Even  then  the  block  sets  in  again  as  soon  as  the  segmentation  furrow  is 
formed.  The  respiration  is  necessary  for  the  division  of  the  sea  urchin 
egg.  This  must  mean  that  the  respiration  is  coupled  to  processes  in  the 
cell  necessary  for  the  division.  It  is  most  likely  that  the  reversible 
oxidation  reduction  systems  acting  as  "  carriers  "  (Keilin)  bring  about 
the  coupling  between  the  respiration  and  other  processes  in  the  cell.  In 

2  The  undiluted  suspension  shows  a  somewhat  lower  oxygen  uptake,  probably 
a  salt  eftect. 
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the  system  hemolyzed  blood  cells  plus  hexose  phosphate  referred  to 
above,  the  pyocyanine  can  act  as  a  "  gear  "  between  the  respiration  and 
the  synthesis  of  phosphate  compounds.  From  the  reported  results  it 
must  be  inferred,  however,  that  in  the  more  complicated  system,  the 
fertilized  egg  cell,  pyocyanine  cannot  act  as  a  gear  between  the  respira- 
tion and  the  processes  connected  with  the  completion  of  the  cell  division. 

It  is  quite  evident  from  the  above  data  that  pyocyanine  is  auto- 
oxidized  in  the  sea  urchin  egg.  In  this  respect  it  differs  from  dimethyl- 
paraphenylene  diamine  but  resembles  methylene  blue  according  to  the 
experiments  carried  out  by  Barren.  Friedheim  (1931)  reports,  how- 
ever, that  the  respiration  of  Bacillus  pyocyancus  enhanced  by  addition 
of  pyocyanine  is  decreased  by  CO  as  well  as  by  HCN.  This  indicates 
that  the  pyocyanine  in  this  case  does  not  react  or  reacts  slowly  with 
the  molecular  oxygen.  It  must  be  oxidized  by  the  iron-containing 
enzyme.  This  difference,  as  compared  with  the  conditions  in  the  sea 
urchin  egg  may  perhaps  be  due  to  differences  of  pH  in  the  interior  of 
the  cells  in  question. 

In  the  unfertilized  egg  no  part  of  the  respiration  is  inhibited  by  HCN 
in  presence  of  pyocyanine.  On  the  contrary,  the  respiration  is  consid- 
erably enhanced  by  the  presence  of  HCN.  This  fact  cannot  be  ex- 
plained at  present  but  it  may  be  remembered  that  HCN  possibly  can 
activate  certain  enzymes,  the  action  of  which  increase  the  amount  of 
substrate  present. 

In  the  fertilized  egg  the  part  of  the  respiration  due  to  the  addition 
of  pyocyanine  is  not  inhibited  by  HCN.  In  the  fertilized  egg  with 
pyocyanine  there  are  two  auto-oxidizable  systems,  the  iron-containing 
enzyme  and  pyocyanine.  This  may  account  for  the  higher  absolute 
level  of  respiration  observed  in  the  fertilized  eggs  as  compared  with  the 
unfertilized  ones.  In  the  non-aged  unfertilized  eggs  the  respiration  is 
low.  The  action  of  the  iron-containing  enzyme  is,  according  to  the 
writer's  assumption,  checked  by  a  block  in  the  chain  of  "  carriers." 
Possibly  a  minor  part  of  the  molecules  of  the  iron-containing  enzyme 
N  reduced  (Runnstrom,  1930).  The  possibility  may  also  be  consid- 
( -red  that  some  more  slowly  auto-oxidizable  system  (like  "Warburg's 
'yellow  enzyme"  substrate-dehydrase)  may  account  partly  or  wholly 
for  the  comparatively  slow  oxidations  in  the  unfertilized  eggs.  Any- 
how, on  the  addition  of  pyocyanine  to  the  unfertilized  eggs,  the  chain 
of  oxidation-  apparently  goes  wholly  over  pyocyanine  and  not  or  to 
<|uite  an  insignificant  decree  over  the  iron-containing  enzyme. 

The  results  reported  above  clearly  show  that  the  dehydrase-substrate 
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system  cannot  be  a  limiting  factor  for  the  rate  of  respiration  either  in 
the  fertilized  or  in  the  unfertilized  egg.3 

The  experiments  with  dimethylparaphenylene  diamine  referred  to 
above  demonstrate,  on  the  other  hand,  that  the  iron-containing  enzyme 
is  not  the  limiting  factor.  This  points  again  to  the  "  carriers  "  as  the 
part  of  the  respiratory  mechanism  which  has  to  be  made  responsible  for 
the  considerable  change  in  oxygen  consumption  following  the  activation 
of  the  egg. 

This  paper  forms  part  of  the  work  carried  out  by  the  writer  in  col- 
laboration with  Dr.  L.  Michaelis,  and  I  wish  to  express  my  thanks  to 
him  for  his  generous  help  and  valuable  suggestions. 

SUMMARY 

Addition  of  pyocyanine  to  a  suspension  of  sea  urchin  eggs  causes  an 
increase  of  the  respiration  of  the  eggs.  The  percentage  increase  is 
higher  in  the  unfertilized  than  in  the  fertilized  eggs.  The  absolute 
values  of  the  oxygen  consumption  in  presence  of  pyocyanine  are  higher 
after  than  before  fertilization.  The  respiration  of  the  unfertilized  eggs 
is  enhanced  in  the  presence  of  pyocyanine  by  the  addition  of  HCN.  In 
'the  fertilized  eggs,  on  the  contrary,  the  respiration  enhanced  by  pyocya- 
nine is  always  decreased  by  HCN.  Pyocyanine  is  auto-oxidized  in  the 
sea  urchin  egg ;  the  iron-containing  enzyme  is  not  involved  in  the  oxida- 
tions induced  by  pyocyanine.  The  rate  of  oxidation  induced  by  pyo- 
cyanine is  somewhat  higher  than  that  of  the  respiration  induced  by 
methylene  blue  both  in  intact  eggs  and  in  eggs  broken  up  by  freezing  and 
thawing.  The  block  of  division  of  the  sea  urchin  egg  caused  by  HCN 
or  by  anaerobic  conditions  is  not  removed  by  addition  of  pyocyanine.  In 
the  fertilized  eggs  the  respiration  in  the  presence  of  pyocyanine  and 
HCN  can  be  higher  than  in  the  control ;  in  spite  of  this  the  division  stops 
at  the  same  stage  as  when  the  respiration  is  decreased  75  per  cent  by 

3  Only  the  conditions  prevailing  in  the  egg  immediately  following  the  fertiliza- 
tion are  considered  here.  During  the  ensuing  development  there  is  a  gradual  in- 
crease of  respiration  as  found  by  Warburg  (1926).  The  "increasing  fraction"  of 
the  respiration  is  inhibited  by  lithium  according  to  Lindahl  (1933,  1934).  The 
action  of  lithium  on  the  increasing  fraction  of  respiration  can  be  accounted  for 
by  the  law  of  mass  action.  Lithium  possibly  inhibits  the  formation  of  certain 
break-down  products  of  carbohydrates  by  reacting  with  an  enzyme  or  some  part 
of  an  enzyme  system.  If  this  is  true,  the  substrate-dehydrase  system  must  grad- 
ually acquire  the  character  of  a  limiting  factor  for  the  oxidation  rate  during  the 
course  of  development.  It  may  also  be  mentioned  here  that  no  increase  of  respira- 
tion was  observed  in  living  cells  of  baker's  yeast  on  addition  of  pyocyanine  or 
methylene  blue.  This  holds  true  even  if  the  respiration  is  inhibited  by  HCN. 
(Experiments  carried  out  by  M.  Schiildt.)  The  situation  in  baker's  yeast  is  very 
different  from  that  in  the  sea  urchin  egg. 
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the  addition  of  HCN  alone.  The  general  conclusion  is  drawn  that 
neither  the  iron-containing  enzyme  nor  the  dehydrase-substrate  system 
act  as  limiting  factors  for  the  oxidation  rate  in  the  unfertilized  or  newly 
fertilized  egg. 
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THE   HEMOPOIETIC    RESPONSE   IN   THE   CATFISH, 
AMEIURUS   NEBULOSUS,   TO   CHRONIC   LEAD 

POISONING 

ALDEN   B.    DAWSON 

(From  the  Biological  Laboratories,  Harvard  University) 

In  studies  of  the  action  of  soluble  salts  of  lead  on  fresh  water  fishes, 
Carpenter  (1927,  1930)  found  that  concentrations  of  lead  nitrate  as  low 
as  Pb  1:  3,000,000  proved  lethal.  The  speed  of  lethal  reaction  was 
dependent  upon  the  total  quantity  of  metallic  ions  present  as  well  as 
upon  the  actual  concentrations  used,  and  varied  in  inverse  ratio  to  the 
size  and  weight  of  the  fish  employed.  The  most  marked  symptom  was 
the  formation  of  a  film  over  the  gills  and  skin  of  the  fish  by  the  inter- 
action of  the  metallic  ions  with  the  surface  mucus,  causing  death  by 
suffocation.  When  insufficient  lead  was  present  the  film  was  shed  and 
complete  recovery  took  place.  Chemical  analyses  showed  that  no 
metallic  ions  had  penetrated  the  body  itself  and  Carpenter  held  that 
the  action  was  purely  an  external  process,  chemical  in  type,  but 
mechanical  in  its  effect.  In  these  studies  the  exposure  to  lead  was  of 
relatively  short  duration  and  probably  little  of  the  metal  had  entered 
the  body,  although  the  test  (H2S)  used  to  detect  the  presence  of  lead  in 
the  ash  residue  of  the  body  contents  (Aub,  Fairhall,  Minot  and  Rezni- 
koff,  1926)  is  not  extremely  delicate. 

It  seemed  of  interest  accordingly  to  determine  the  relative  efficiency 
of  the  mucus  secreted  by  the  exposed  surfaces  of  fishes  in  binding  the 
lead  as  an  inert  compound.  In  the  light  of  other  observations  made  on 
the  effects  of  lead-poisoning  in  Necturus  (Dawson,  19336)  it  was  felt 
that  a  biological  test,  the  injurious  effect  on  the  circulating  erythro- 
cytes,  might  prove  more  satisfactory  than  the  chemical  detection  of  the 
metal  in  the  tissues  and  body  fluids  of  the  animal. 

MATERIAL  AND  METHODS 

Young  catfish  4  to  5  inches  in  length  were  used  in  this  study.  The 
animals  were  kept  continuously  in  a  bath  composed  of  20  cc.  of  1  per 
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cent  lead  acetate  and  4  liters  of  tap  water,  which  was  changed  every 
48  hours.  The  experiments  were  begun  in  January  and  the  experi- 
mental periods  extended  from  16  to  183  days.  Samples  of  blood  were 
drawn  at  regular  intervals  from  a  vein  on  the  inner  side  of  the  opercu- 
lum.  The  blood  was  studied  in  fresh  preparation  both  by  the  Janus 
en-neutral  red  and  the  brilliant  cresyl  blue  supravital  techniques, 
and  in  dry  smears  stained  by  Wright's  method.  At  the  termination  of 
the  varying  exposures  to  lead  the  animals  and  suitable  controls  were 
killed.  The  heart,  liver,  spleen,  and  mesonephros  were  removed,  fixed 
in  Helly-Zenker  and  stained  with  either  hematoxylin  and  eosin  or 

azur-eosin. 

EFFECTS  OF  LEAD  POISONING 

Changes  in  the  Peripheral  Blood 

In  the  catfish,  practically  all  of  the  erythrocytes  in  the  peripheral 
circulation  are  fully  differentiated  and  basophilic  or  polychromatic  cells 
are  rare.  In  this  respect  they  resemble  those  marine  teleosts  which  are 
capable  of  removing  dissolved  oxygen  from  the  water  at  a  low  oxygen 
tension  (Dawson,  1()33<;).  Exposure  to  lead  produces  no  immediate  or 
striking  reaction  within  the  blood  stream.  Intravascular  phagocytosis 
of  injured  cells,  such  as  occurred  in  \ccturus  (Dawson.  l()30a),  is  almost 
entirely  absent;  the  maximum  number  of  active  phagocytes  ever 
observed  in  a  study  of  any  one  supravital  film  (made  with  a  circular 
cover-slip  %  inch  in  diameter)  being  from  6  to  8.  Injured  cells  appear 
smaller  and  become  highly  refract ile;  they  are  deeper  in  color,  usually 
orange-yellow.  Furthermore  they  are  readily  distorted,  less  elastic 
and  consequently  more  fragile.  In  supravital  preparations  when 
slightly  overstained  with  brilliant  cresyl  blue  they  appear  green.  With 
neutral  red  they  are  colored  a  deep  red.  Intracellular  crystallization  of 
hemoglobin,  as  in  Necturus  (I  )a\\  son,  19306),  is  also  readily  induced  by 
the  slow  drying  of  thick  smears.  Normally  this  does  not  occur  al- 
though liberated  hemoglobin  crystallizes  readily  in  this  animal. 

Following  these  early  evidences  of  direct  injury  to  the  mature 
erythrocytes  there  is  an  increase  in  the  number  of  polychromatic  and 
basophilic  cells,  representing  an  exodus  of  incompletely  differentiated 
erythrocytes  from  the  erythropoietic  loci,  spleen,  and  mesonephros. 
At  the  end  ot  thirty  days  a  secondary  anemia  can  be  recognized  and 
this  increases  in  severity  with  the  prolongation  of  the  exposure  to  lead. 
Concomitant  with  the  increased  anemia,  erythroblasts  in  varying  stages 
of  differentiation  appear  in  the  circulation  and  there  is  a  marked  in- 
crease in  the  number  of  small  and  large  lymphocytes. 

The  cellular  changes  in  the  constitution  of  the  blood,  however,  are 
not  confined  entirely  to  the  cells  of  the  erythrocytic  series.  Monocytes 
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and  the  large  granular  eosinophiles  are  increased  in  number,  hut  tin- 
most  conspicuous  change  occurs  in  the  numbers  and  relative  propor- 
tions of  thrombocytes  and  spindle  cells  (Fig.  9).  These  elements  seem 
to  be  identical  with  the  two  types  of  cell  distinguished  by  Jordan  and 
Speidel  (1930)  in  the  blood  of  cyclostomes.  The  thrombocytes  have  a 
specific,  fine  reddish  granulation  with  a  homogeneous  outer  cytoplasm. 
The  spindle  cells  are  long  and  fusiform,  frequently  with  their  cyto- 
plasmic  processes  recurved.  They  may  possess  granules  similar  to 
those  of  the  typical  thrombocytes.  Both  cells  usually  possess  a 
similarly  grooved  nucleus.  Jordan  and  Speidel,  after  reviewing  the 
evidence  on  the  identity  of  these  elements,  were  unable  to  decide 
whether  they  were  genetically  related  or  independent.  The  typical 
spindle  form  in  the  catfish  is  not  assumed  in  fresh  preparations  and 
the  two  types  of  cell  are  not  readily  distinguished  previous  to  drying  on 
the  slide.  It  seems  possible  that  the  spindle-form  is  an  atypical 
thrombocyte. 

In  normal  blood  the  number  of  spindle  cells  is  very  small  but  after 
several  weeks  exposure  to  lead  the  number  is  greatly  increased  and 
practically  equals  that  of  the  thrombocytes.  This  condition,  when 
established,  persisted  throughout  the  experiments.  Young  throm- 
bocytes are  frequently  present  in  considerable  numbers.  Some  are 
relatively  large  and  many  give  evidence  of  amitotic  proliferation.  The 
appearance  of  these  atypical  cells,  probably  all  of  the  thrombocytic 
series,  may  be  correlated  with  the  activity  of  the  endothelium  of  the 
heart,  which  will  be  described  later.  The  evidence  is  not  conclusive. 

The  occurrence  of  injured  erythrocytes,  the  progressive  anemia  and 
the  marked  regenerative  response  in  the  peripheral  blood  indicated  that 
large  numbers  of  erythrocytes  were  being  removed  from  the  vascular 
channels  although  only  a  limited  amount  of  intravascular  phagocytosis 
could  be  detected.  However,  additional  evidence  of  the  degree  of 
erythrocyte  destruction  was  obtained  from  an  examination  of  the  liver, 
spleen,  and  mesonephros.  In  these  organs  there  was  a  progressive 
storage  of  the  hemoglobiniferous  residue  of  degenerated  red  cells.  In 
the  heart  no  such  accumulations  were  observed,  but  a  marked  prolifera- 
tive  response  of  the  endothelium  was  obtained. 

Changes  in  the  Organs 

In  a  recent  study  Mackmull  and  Michels  (1932)  reported  on  the 
sites  and  mode  of  storage  of  colloidal  carbon  injected  into  the  peritoneal 
cavity  of  a  teleost,  the  cunner.  One  hour  after  the  injection,  the 
vascular  channels  transported  free  carbon  and  carbon  macrophages  to 
such  organs  as  the  heart,  gill,  spleen,  intestine,  testes,  ovary,  and  kid- 
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ney.  Extravascular  migration  of  macrophages  was  most  pronounced 
in  the  liver,  spleen,  kidney,  and  gonads. 

The  process  of  disposal  of  degenerate  erythrocytes  in  the  catfish 
parallels  closely  that  of  carbon  storage  in  the  cunner,  especially  in  the 
liver,  spleen,  and  mesonephros.  Furthermore  in  the  cunner,  these 
<  irgans  normally  contained  collections  of  macrophages,  the  endogenous 
brown  pigment  of  which  was  derived  from  degenerate  red  blood  cells, 
and  the  migrating  carbon  macrophages  displayed  a  selective  orientation 
toward  these  areas  of  normal  pigment  deposit.  However,  in  catfish,  of 
the  size  used  in  this  study,  there  arc  no  such  accumulations  of  stored 
pigment  in  these  organs  although  a  few  isolated  pigmented  macrophages 
are  occasionally  found  in  their  interstitial  tissues.  Accordingly  the 
almost  complete  absence  from  the  liver,  spleen,  and  mesonephros  of  this 
pigment  derived  from  dead  erythrocytes  furnishes  a  convenient  base- 
line from  which  the  amount  of  erythrocyte  destruction  may  be  de- 
termined by  observing  the  progressive  accumulation  of  pigment  in  the 
interstitial  tissues  by  the  macrophages. 

Liver. — The  liver  of  the  catfish  resembles  that  of  the  cunner 
(Mackmull  and  Michels,  1932),  flounder,  tautog,  scup,  minnow,  and 
buffalo-fish  (Jordan  and  Speidel,  1924)  in  that  many  of  the  veins  are 
surrounded  by  sheaths  of  pancreatic  tissue  (Figs.  1  and  2).  The 
pancreatic  tissue  is  usually  separated  from  the  liver  cells  by  a  capillary 
space  lined  with  reticulo-endothelium  and  frequently  small  foci  of 
hemopoiesis  may  occur  in  the  loose  connective  tissue  in  and  about  the 
intrahepatic  pancreas.  The  progressive  accumulation  of  pigment  of 
erythrocytic  origin  within  the  liver  is  very  marked  (Figs.  3  and  4). 

EXPLANATION    OK    1M.ATKS 

All  figures  arc  photomicrographs.  Figures  1  and  3  were  photographed  under 
low  power;  Figs.  2,  4,  6,  7,  and  8  under  medium  power;  Figs.  5,  9,  10,  11,  and  12 
under  oil  immersion. 

I'I.ATI.    I 

1.  A  low  power  view  of  an   area   of  the  liver  from  a  normal  fish,  showing  the 
general  appearance  of  I  lie  hepatic  cells  as  well  as  of  the  intrahepatic  pancreatic  tissue 
which  borders  the  veins  of  the  liver. 

2.  A  portion  of  the  above  under  greater  magnification,  showing  the  hepatic  and 
pancreatic  tissue  in  greater  detail.     Note  the  almost  complete  absence  of  brown  and 
yellow  granules  (derived  from  disintegrated  erythrocytes)  in  either  the  hepatic  or 
inters!  it  ial  cells. 

.  A  low  power  view  of  an  area  of  the  liver  from  a  fish  exposed  to  lead  acetate 
for  183  days.  The  liver  cells  are  small  and  dense  and  crowded  with  refract ile  yellow 
and  brown  Crannies.  Masses  of  cells  (macrophages)  filled  with  similar  pigment  are 
scattered  i  lironvlnHM  the  intertubular  tissue.  These  cells  are  especially  concen- 
trated in  and  about  !  lie  pancreatic  epithelium. 

4.  A  portion  ot  the  al>«>\e  under  greater  magnification,  showing  the  concentration 
of  pigment  in  the  region  of  the  pancreatic  tissue. 
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The  chief  loci  of  storage  are  around  the  pancreatic  cells  although  rela- 
tively large  isolated  groups  of  macrophages  are  also  scattered  through- 
out the  organ  between  the  hepatic  cords.  In  addition  to  these  sites  of 

PLATE  I 


•  --  •  •  . 

'  ' 


»k 

V  '  "X;        I"'       »' 


r:    i£*<f  -t^-T  •*    -' 

''*•' 


' 


. 

•'" 


.•     • 
' 


'-.".« 


• 


.- 

•-/'       ,  "*r.  •-' 
?»••:  i 


>  -.fp-'Jf-'^fl 


pigment  storage,  every  liver  cell  is  crowded  with  numerous  brown 
refractive  granules  which  appear  similar  to  the  granular  contents  of  the 
macrophages  (Fig.  5),  but  there  is  an  almost  complete  absence  of 
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granular  debris  in  the  stellate  cells  of  Kupft'er,  and  in  the  endothelium 
of  the  veins  associated  with  the  pancreatic  tissue.  Only  the  lining  of 
the  capillaries  in  and  about  the  pancreatic  cells  shows  storage.  Similar 
restriction  of  phagocytic  activity  of  the  vascular  channels  of  the  liver 
of  the  cunner  was  noted  by  Mackmull  and  Michels  (1932)  in  carbon 
absorption.  In  fishes  killed  in  late  stages  of  lead  poisoning  the  gall 
bladder  is  greatly  dilated. 

Spleen. — The  general  histological  features  of  the  spleen  of  fishes  has 
been  described  by  Yoffey  (1929)  and  Mackmull  and  Michels  (1932). 
The  latter  authors  found  that  in  the  cunner  the  carbon  macrophages 
and  pigment  macrophages  migrated  toward  the  splenic  arterioles  and 
occupied  almost  exclusively  a  periarterial  position.  As  already-pointed 
out  in  the  normal  young  catfish,  pigment  macrophages  are  very  rare, 
only  a  few  isolated  cells  being  present  (Fig.  6).  During  lead  poisoning 
the  number  progressively  increases  until  the  entire  spleen  is  mottled 
with  conspicuous  yellow-brown  masses  (Fig.  7).  Their  distribution 
does  not  exactly  coincide  with  that  described  for  the  cunner.  Besides 
the  definite  concentration  about  the  arterioles,  there  are  equally  large 
masses  of  pigment  adjacent  to  the  large  splenic  venules  with  which  the 
arterioles  are  frequently  closely  associated.  During  lead  poisoning  the 
erythropoietic  activity  of  the  spleen  is  greatly  reduced  and  few  differ- 
entiating erythrocytes  can  be  recogni/ed  in  the  pulp.  The  organ 
becomes  smaller  and  paler. 

Mesonephros. —  The  mesonephros  in  tln>  teleosts  is  an  important 
hemopoietic  locus  in  which  both  erythrocytes  and  granulocytes  are 
produced.  The  greater  amount  of  hemopoietic  activity  is  extravas- 
cular,  occurring  in  the  uniformly  distributed  loose  intertubular  con- 
nective tissue,  but  many  of  the  peritubular  capillaries  show  sinusoidal 
enlargements  in  which  differentiating  blood  cells  are  also  found.  Pig- 
ment macrophages  show  no  special  groupings  but  local  accumulations 
of  such  cells  are  scattered  rather  uniformly  throughout  the  intertubular 
hemopoietic  tissue.  The  progressive  storage  of  this  pigment  during  the 
exposure  to  lead  is  as  evident  in  the  mesonephros  as  in  the  liver  and 
spleen  but  is  never  so  extensive.  No  pigment  was  ever  observed  in  the 
epithelium  of  the  uriniferous  tubules. 

I ' Imrt. — Although  pigment  macrophages  are  commonly  observed  in 
ilie  blood  vessels  of  the  spleen,  liver,  and  mesonephros,  they  are  not 
encountered  either  in  the  peripheral  circulation  or  in  the  heart.  They 
apparently  move  rapidly  into  the  extravascular  tissues  of  the  organs 
and  are  not  swept  out  into  the  general  circulation.  This  is  due  largely 
to  the  fact  that  the  degenerated  erythrocytes  are  mostly  phagocytosed 
by  the  attached  reticulo-endothelial  cells  which  later  desquamate  and 
enter  the  interstitial  tissue. 
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5.  A  small  area  of  hepatic  tissue,  showing  the  compact  liver  cells  crowded  with 
refractile  granules.     An  interstitial  mass  of  macrophages  is  seen  in  the  lower,  left 
corner. 

6.  An  area  from  a  normal  spleen,  showing  the  absence  of  pigmented  macro- 
phages. 

7.  An  area  from  the  spleen  of  an  animal  treated  with  lead  acetate  for  183  days. 
Note  the  massive  infiltration  of  the  splenic  tissue  by  pigmented  macrophages. 

8.  An  area  from  the  mesonephros  from  the  same  animal,  showing  the  inter- 
tubular,  extravascular  concentration  of  pigmented  macrophages.     The  mesonephric 
tubules  are  free  of  pigment. 
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In  many  of  the  lower  vertebrates  the  endothelium  and  even  the 
intermuscular  connective  tissue  may  display  hemopoietic  potencies. 
In  the  catfish  the  definitive  lumen  of  the  ventricle  is  small  and  the 
myocardium  is  made  up  of  small  muscle  bundles  separated  by  vascular 
channels,  of  the  order  and  size  of  capillaries,  which  anastomose  with 
one  another  to  open  eventually  into  the  main  ventricular  cavity.  The 
endothelium  of  these  ramifying  vascular  channels  is  in  intimate  contact 
with  the  muscle  fibers  and  in  many  instances  does  not  appear  to  be 
sharply  delimited  from  the  intermuscular  connective  tissue. 

In  the  dinner  (Mackmull  and  Michels,  1932)  both  the  endothelium 
of  the  minute  intertrabecular  vessels  and  the  intermuscular  connective 
tissue  cells  phagocytosed  carbon.  However,  phagocytosis  of  injured 
erythrocytes  was  never  observed  in  the  heart  of  the  catfish  at  any  stage 
of  lead  poisoning  and,  as  already  noted,  pigmented  macrophages  are 
also  typically  absent  from  the  blood  channels  of  this  organ. 

In  the  normal  catfish  the  hemopoietic  activity  of  the  heart  appears 
much  less  than  in  the  cunner  although  small  numbers  of  differentiating 
cells  may  occur  in  tin-  capillary-like  spaces  of  the  myocardium.  No 
lymphoid  sheaths  were  observed.  After  several  weeks  of  lead  poison- 
ing a  marked  proliferative  response  was  obtained  and  relatively  large 
clusters  of  cells  were  found  on  the  surfaces  of  the  muscle  bundles  (Fig. 
10).  'The  cells  of  such  clusters  are  elongated  and  radiate  from  the  site 
of  proliferation  into  the  lumina  of  the  vascular  channels.  Their 
identity  has  not  been  definitely  established,  but  it  seems  likely  that  they 
give  rise  to  the  atypical  elongated  and  spindle  cells  described  with  the 
thrombocytes  of  the  blood  stream  i  Fig.  9).  Presumably  these  clusters 
of  cells  arise  by  proliferation  of  the  endothelium  and  there  are  some 
indications  that  they  are  secondarily  invaded  by  cells  of  the  inter- 
muscular connective 
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9.  Two  areas  from  a  Mood  smear  of  a  fish  exposed  lo  lead  acetate  for  72  clays, 
showing  atypical  elongated  and  spindle  cells. 

10.  A  region  of  proliferation  from  the  surface  of  a  muscular  trabecula  of  the 
ventricle.     The  arrangement  of  cells  resembles  that   in  the  margin  of  outgrowth  of 
an  explained  tissue.     The  elongated  cells  may  give  rise  to  the  atypical  cells  pro- 
visionally classed  with  the  thrombocytic  series.     The  proliferating  mass  is  apparent  ly 
invaded  by  cells  from  connective  tissue  of  the  cardiac  trabecula  to  form  a  rcticulur 
mesh  work. 

11.  Another  phase  of  the  process  of  endothelial   proliferation.     The  reticular 
liwork  is  more  obvious  in  this  preparation.     Small  round  cells  and  various  stages 

of  erythrocytic  differentiation  are  present.     Shrinkage  has  caused   the  separation 
of  i  In-  ti^Mir  from  the  surface  of  the  myocardial  trabeculae. 

12.  This  has  been   interpreted  as  a  late  stage  of  hemopoietic  activity.     The 
reticular  meshes  are  distinct  and  almost  empty  but  a  few  small  round  cells  and  ery- 
throcytes are  present  .     .\  row  of  small  round  cells  remains  attached  to  the  surface  of 
the  trabecula. 


HEMOPOIETIC  RESPONSE  TO  LEAD  POISONING 


343 


In  other  regions  of  the  heart  less  conspicuous  areas  of  proliferation 
are  also  present.  They  apparently  have  the  same  relationship  with 
the  endothelium  and  connective  tissues  as  the  other  proliferating  cells, 
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but  in  the  latter  case  various  stages  of  erythrocyte  differentiation  can 
be  readily  recognized  (Figs.  11  and  12).  The  reticular-like  cells  are 
also  more  readily  observed  in  these  regions.  The  connective  tissue  and 
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the  endothelium  of  the  ventricular  wall  of  the  catfish  appear  relatively 
undifferentiated,  being  essentially  mesenchymal  in  nature  and  capable 
dt  heinopoietic  activity  although  in  this  study  they  display  no  phago- 
cytic  activity  toward  the  degenerate  erythrocytes. 

DISCUSSION 

These  experiments  with  lead  acetate  furnish  abundant  evidence  that 
teleosts  such  as  the  catfish  slowly  absorb  lead  when  kept  in  solutions  of 
this  metal  for  relatively  long  periods.  The  surface  mucus,  while  it 
may  be  effective  in  binding  the  lead  for  short  periods  (Carpenter,  1927, 
1930),  does  not  adequately  protect  the  fish  during  long  exposures. 
During  exposures  lasting  for  days  and  even  weeks,  it  seems  probable 
that  lead  in  solution  would  eventually  be  also  brought  into  contact  with 
the  epithelium  of  the  digestive  tract  as  well  as  with  that  of  the  gills  and 
integument,  and  absorption  may  have  been  favored  by  this  circum- 
stance. In  order  to  reduce  this  possibility  to  a  minimum  the  animals 
were  always  removed  to  fresh  tap  water  for  feeding.  However,  there  is 
no  reason  to  believe  that  the  mucin  of  the  digestive  tract  would  be  less 
efficacious  in  binding  the  metallic  ions  than  that  of  the  gills  and  epi- 
dermis, but  elimination  of  the  mucous  film  could  not  be  so  readily 
accomplished  in  the  digestive  tract. 

The  observations  on  the  peripheral  blood  demonstrate  direct  injury 
to  the  erythrocytes,  followed  by  a  mild  regenerative  response  with  the 
eventual  development  of  a  pronounced  secondary  anemia.  The 
progressive  storage  of  pigment,  derived  from  phagocytosed  erythro- 
cytes, by  the  liver,  spleen,  and  mesonephros  also  furnishes  corrobora- 
tive evidence  of  a  widespread  destruction  of  red  blood  cells.  Since 
direct  injury  to  the  erythrocytes  is  generally  the  first  and  most  impor- 
tant sign  of  lead  poisoning  in  vertebrates,  it  seems  safe  to  assume  that 
the  changes  described  in  these  experiments  are  the  direct  result  ot  tin- 
absorption  of  lead. 

The  catfish  apparently  is  less  sensitive  to  lead  than  the  fishes  studied 
by  Carpenter.  Lead  acetate  rather  than  lead  nitrate  was  used  exclu- 
sively in  my  experiments,  but  no  lethal  effects  were  obtained  although 
the  concentration  of  lead  was  higher  than  that  which  proved  lethal  in 
<  .irpenter's  series. 

The  changes  in  the  peripheral  blood  of  the  catfish  were  comparable 
in  many  respects  to  those  observed  in  an  earlier  study  of  lead  poisoning 
in  \ntnnis.  The  chief  differences  were  in  the  absence  of  any  con- 
•-iiler.iNe  degree  of  phagocytic  activity  in  the  peripheral  circulation  and 
in  the  appearance  in  the  circulation  <>l  large  numbers  of  atypical  cells, 
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elongated  and  spindle  forms,  which  may  belong  to  the  thrombocytic 
series. 

The  mode  of  accumulation  and  storage  by  the  liver,  spleen,  and 
mesonephros  of  the  pigment  derived  from  the  injured  red  blood  cells 
follows  closely  that  described  in  the  elimination  of  particulate  matter 
from  the  circulation  of  fishes.  No  storage  occurred  in  the  heart  but  a 
proliferative  response  to  the  destruction  of  the  circulating  elements  was 
obtained.  The  erythropoietic  potentialities  of  the  cardiac  endothelium 
of  the  lower  vertebrates  is  well  known  and  the  literature  is  well  sum- 
marized by  Mackmull  and  Michels  (1932).  Indeed,  in  such  forms  as 
the  herring  (John,  1932)  it  may  be  the  initial  site  of  erythropoiesis. 
There  are  no  red  blood  cells  in  the  larval  stages  and  they  appear  several 
months  after  hatching. 

No  evidence  of  direct  injury  to  the  thrombocyt.es  was  obtained  and 
it  is  difficult  to  explain  either  the  increase  in  number  of  the  cells  of  this 
series  or  the  atypical  response  of  the  cardiac  endothelium  in  their  pro- 
duction. The  production  of  thrombocytes  and  erythrocytes  usually 
takes  place  in  the  same  organs  or  tissues  and  the  two  processes  go  on 
side  by  side.  Furthermore  the  two  types  of  cell  are  quite  similar  in 
their  plan  of  organization.  It  appears  possible  that  any  factor  which 
depresses  or  modifies  erythropoiesis  may  tend  to  exert  a  similar  influ- 
ence on  thrombopoiesis. 

SUMMARY 

In  the  catfish,  with  prolonged  exposure  to  a  solution  of  lead  acetate, 
definite  evidence  of  absorption  of  lead  was  obtained.  The  surface 
mucus  did  not  constitute  an  efficient  barrier  to  the  entrance  of  the  metal 
as  Carpenter  (1927,  1930)  found  in  more  acute  experiments  with  fishes 
in  which  a  lethal  reaction  was  frequently  obtained. 

The  degree  of  destruction  of  the  erythrocytes  was  used  as  a  measure 
of  the  rate  of  the  absorption  of  lead.  Following  the  early  evidences  of 
injury  to  the  blood  cells,  a  mild  regenerative  response  occurred,  but 
eventually  a  pronounced  secondary  anemia  was  produced.  Little 
phagocytosis  of  dead  cells  occurred  in  the  peripheral  circulation,  but  a 
progressive  storage  of  the  pigment  derived  from  dead  red  blood  cells 
was  found  in  the  interstitial  tissues  of  the  liver,  spleen,  and  meso- 
nephros. The  hepatic  cells  also  became  crowded  with  pigment  gran- 
ules. No  storage  was  observed  in  the  heart.  The  pigment  was 
accumulated  chiefly  in  macrophages  of  local  origin  which,  after  ingest- 
ing erythrocytes,  desquamated  and  migrated  into  the  connective 
tissues. 

Monocytes  and  eosinophiles  were  increased  slightly  in  number  in 
the  blood  stream,  but  the  most  striking  change  occurred  in  the  numbers 
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of  atypical  thrombocytes,  and  spindle  cells  which  may  belong  to  the 
thrombocytic  series. 

The  endothelium  of  the  heart  showed  marked  proliferative  activity. 
In  some  regions  there  was  localized  differentiation  ot  erythrocytes.  In 
•  >ther  regions  the  atypical  elongated  cells,  just  referred  to,  were  formed 
in  large  radiating  clusters  on  the  surface  of  the  ventricular  trabeculae. 
Xo  explanation  of  the  latter  response  to  lead  poisoning  can  be  given. 
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THE    RELATION    BETWEEN    CELL    INTEGRITY   AND 
BACTERIAL   LUMINESCENCE 

IRVIN    M.    KORR 

(From  the  Physiological  Laboratory,  Princeton  University,  and  the 
Marine  Biological  Laboratory,  Woods  Hole,  Mass.) 

In  1902  Macfadyen  found  that  luminous  bacteria  exposed  to 
liquid  air  would  glow  again  on  rewarming,  but  gave  no  light  on  re- 
warming  if  thoroughly  ground  at  the  temperature  of  liquid  air. 
Harvey  (1915)  tried  to  obtain  luminescence  from  cytolyzed  and  dried 
crushed  bacteria,  but  even  though  the  possibility  of  oxidation  of  the 
bacterial  luciferin  by  molecular  oxygen  was  precluded  (a  precaution 
Macfadyen  did  not  take)  by  grinding  the  bacteria  in  the  desiccated 
form  or  by  cytolyzing  them  with  toluol,  ether,  water,  and  other  agents 
in  the  absence  of  oxygen,  no  light  was  obtained  on  moistening  the 
ground  bacteria,  or  aerating  the  cytolysate.  Intact,  dead,  desiccated 
bacteria  luminesced  for  a  short  time  when  moistened,  even  after  pro- 
longed extraction  with  fat  solvents  such  as  ether,  absolute  alcohol, 
toluol,  benzine,  and  chloroform.  These  agents  acting  on  moist  or 
suspended  bacteria,  however,  invariably  and  quickly  destroyed 
permanently  the  ability  to  luminesce. 

The  demonstration  of  a  given  reaction  in  cellular  extracts  has 
always  been  a  much  more  difficult  problem  in  the  case  of  bacteria  than 
in  other  cells,  due  to  the  relatively  greater  importance  of  the  cell 
structure.  According  to  Quastel  (1926)  catalytic  dehydrogenations, 
particularly,  are  very  closely  associated  with  the  surface  of  the  bacterial 
cell. 

The  demonstration  of  luminescence  apart  from  cell  structure  is  an 
even  more  difficult  problem  since  it  is  necessary  to  extract  both  the 
catalyst,  luciferase,  and  its  specific  substrate,  luciferin.  The  normally 
close  association  between  the  two  is  very  likely  disturbed,  due,  con- 
ceivably, to  differences  in  solubility  between  the  two,  to  the  instability 
of  one  or  both  apart  from  the  normal  structure  of  the  cell,  or  to  the 
oxidation  of  the  luciferin  by  oxidants  other  than  oxygen. 

New  methods  have  been  applied  in  a  continued  investigation  of  this 
problem,  namely,  the  attempt  to  demonstrate  luminous  substances 
from  luminous  bacteria  destroyed  in  various  ways.  Three  species 
were  used:  a  fresh-water  form,  Vibrio  phosphorescens,  and  two  marine 
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forms  from  Woods  Hole,  one  unidentified,  and  the  other,  Achromobacter 
fischeri,  a  very  brilliant  variety.  Four  general  methods,  with  numer- 
ous modifications,  were  employed  for  the  destruction  of  the  bacteria: 
(a)  cytolysis  by  fat  solvents,  (6)  cytolysis  with  hypotonic  solutions  (not 
Applicable,  of  course,  to  the  fresh-water  form),  (c)  mechanical  grinding, 
and  (d)  sonic  radiation. 

Throughout  these  experiments  care  was  taken  to  prevent  oxidation 
of  the  luciferin,  and,  hence,  they  were  carried  out  anaerobically.  After 
destruction  of  the  bacteria,  the  suspensions  were  eierated  in  the  dark 
and  observations  on  the  presence  or  absence  of  luminescence  made  with 
completely  dark-adapted  eyes. 

EXPERIMENTS  WITH  FAT  SOI.YKVI- 

For  this  series  of  experiments  and  those  involving  osmotic  cytolysis 
a  double  trap  vessel  illustrated  in  Fig.  1  was  found  convenient  for  the 
anoxic  mixing  of  cytolytic  agents  with  the  suspension.  The  a.^eiit  \vas 
put  in  one  arm  of  the  vessel  (B),  the  suspension  in  the  other  (A),  and 
thoroughly  deaerated  with  a  stream  of  hydrogen  purified  by  passage 
over  red-hot  platini/ed  asbestos.  The  two  were  then  mixed  by  tilting 
the  vessel.  On  aerating,  no  return  of  luminescence  was  observed  with 
either  chloroform  or  caprylic  alcohol  as  the  cytolytic  agent. 

A  modification  of  this  technique,  in  which  deaeration  was  ac- 
complished with  sodium  hydrosulfite,  yielded  the  same  results. 

These  confirm  Harvey's  (1915)  results:  suspensions  deaerated  by 
evacuating  and  then  cytolyzed  with  toluol,  ether,  chloroform  or  carbon 
tetrachloride  showed  no  luminescence  on  re-aerating. 

EXPERIMENTS  WITH  THE  OSMOLYTIC  TECHNIQUE 

The  cytolytic  agent  in  this  series  is  diluted  sea  water.  A  volume  of 
distilled  or  tap  water  found,  in  air,  to  cause  rapid  darkening  of  a  given 
volume  of  a  dense  sea-water  bacterial  suspension  is  pipetted  into  one 
arm  of  the  vessel  (A),  and  the  suspension  into  the  other  (B).  The  rest 
of  the  experiment  is  run  as  in  the  above  series.  Although  repeated 
many  times,  luminescence  lias  never  been  obtained  from  bacteria 
"cytolyzed"  by  hypotonic  solutions  in  the  absence  of  oxygen. 

Darkening  of  bacterial  suspensions  by  hypotonic  solutions  is 
perhaps  not  a  true  indication  of  complete  cytolysis  of  the  bacteria. 
Although  the  suspensions  do  become  clear  and  foamy,  due  to  the  release 
of  cellular  contents  almost  immediately  after  mixing  with  distilled 
water,  the  bacteria  remain  viable  for  hours  after  complete  darkening, 
as  slmun  by  inoculating  culture'  media  with  portions  of  the  suspension 
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at  intervals  after  complete  darkening.1  Excellent  growth  will  occur 
after  3^  or  more  hours  exposure  to  distilled  water.  Even  though  true 
cytolysis  by  this  method  is  a  very  slow  process,  the  copious  release  of 
cellular  contents  justifies  its  application. 

It  is  possible  that,  despite  the  most  rigorous  exclusion  of  oxygen,  the 
bacterial  luciferin,  during  release  from  the  cell,  becomes  oxidized  (by 
the  more  positive  systems  in  the  cell)  without  giving  light.  Harvey 


\ 


6 


FIG.  1. 

(1927)  has  shown  that  Cypridina  luciferin  can  undergo  non-luminescent 
(and  reversible)  oxidations  not  involving  molecular  oxygen.  Strong 
reducing  agents  should  prevent  such  oxidations,  but  the  presence  of 
finely  divided  Pt  in  the  cytolyzing  mixture,  which,  together  with  the 
hydrogen  used  for  deaerating,  gives  a  reducing  intensity  approaching 
that  at  a  hydrogen  electrode,  does  not  alter  the  results.  The  same  is 
true  if  the  osmotic  cytolysis  is  allowed  to  take  place  in  the  presence  of  a 

1  The  darkening  of  bacterial  suspensions  by  hypotonic  solutions  is  doubtless 
at  least  partly  an  osmotic  phenomenon,  but  not  entirely,  for  a  volume  of  tap  or 
distilled  water  which  causes  rapid  darkening  of  a  given  volume  of  suspension  will  do 
so  only  if  added  at  once.  If  slowly  poured  in  or  added  in  three  or  four  installments, 
even  closely  spaced,  the  time  for  darkening  is  greatly  extended,  the  suspension 
retaining  some  luminescence  for  hours.  Another  recent  and  pertinent  observation 
is  that  the  destruction  of  the  capacity  for  luminescence  by  hypotonic  solutions  is  very 
much  more  rapid  under  anaerobic  conditions  than  in  aerobic.  The  difference  is  far 
too  large  to  be  ascribed  merely  to  a  difference  in  the  rates  of  penetration  of  the  water 
in  the  presence  and  absence  of  oxygen. 
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small  but  adequate  mount  of  neutralized  sodium  hydrosulfite.  Cypri- 
dina  oxyluciferin,  which  gives  no  light  with  luciferase,  can  be  reduced 
by  hydrosulfite  to  luciferin,  which  does  give  light  with  luciferase. 

Another  possible  cause  of  failure  to  obtain  luminescence  from  sub- 
stances liberated  from  bacteria  is  that  the  photogenic  substances 
become  diluted  or  separated,  even  when  liberated  into  small  volumes  of 
liquid,  whereas,  in  the  cell,  they  are  quite  concentrated  and  closely 
associated.  The  attempt  was  made  in  the  following  experiments  to 
minimize  this  dispersion  by  concentrating  the  substances  on  adsorbing 
surfaces.  The  procedure  was  exactly  that  described  above  for  the 
osmolytic  technique,  except  that  an  adsorbent,  either  Fe(OH)3, 
kaolin,  or  Norit  A  was  added  to  the  distilled  water.  For  the  use  of 
Fe(OH)3  the  bacteria  had  to  be  suspended  in  isotonic  sucrose  to  prevent 
the  too  rapid  precipitation  of  the  sol  by  the  salts  of  sea  water  on  mixing. 
In  no  case  was  luminescence  observed  on  aeration. 

Repetition  of  these  experiments  but  with  the  addition  of  finely 
divided  Ft  to  both  tubes  to  provide  reducing  action  (together  with  the 
H2)  gave  the  same  results. 

In  some  experiments  the  adsorbents  were  replaced  by  fresh-water 
luminous  bacteria  from  4- 6-day-old  cultures  which  had  ceased  lumi- 
nescing, or  other  fresh-\\ater  (non-luminous)  forms.  But  the  presence 
of  normal  bacterial  surfaces  instead  of  those  of  the  colloids  did  not 
affect  the  results. 

Attempts  were  also  made  to  reduce  oxyluciferin,  liberated  from 
cells  by  aerobic  cytolysis.  A  thick  mass  of  bacteria  (A.  fischeri), 
u  ashed  and  collected  by  centrifuging,  was  suspended  in  water,  in 
aqueous  colloidal  Fe(OH)3  or  in  aqueous  kaolin  suspensions,  in  air. 
Some  time  after  complete  darkening  of  the  suspension  (due  to  hypo- 
tonicity)  it  was  again  centrifuged,  the  supernatant  iluid  poured  off 
and  the  thick  gelatinous  mass  at  the  bottom  of  the  tube  quickly  dried 
in  vacuo  over  ( "a(  'U  The  dried  powder  was  suspended  in  water  and, 
in  the  absence  of  oxygen,  exposed  to  the  action  of  colloidal  I't  +  H2. 
This  (again  assuming  a  fundamental  similarity  between  bacterial  and 
Cypridina  luciferin)  should  have  reduced  the  oxyluciferin  formed 
during  its  (aerobic)  release  from  the  cell  to  luciferin.  However,  no 
light  appeared  on  aeration  in  any  case. 

AfTOl.VTIC    MKTIlnl) 

A  dense  mass  of  A.  fischeri  was  kepi  at  38°  C.  for  3  days  in  order 
that  autolysis  might  occur.  This  material,  after  reduction  with 
I't  +  Ho  or  with  hydrosulfite,  gave  no  luminescence  on  aeration.  The 
autolysate,  which  should  have  contained  large  quantities  of  bacterial 
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luciferase  (and  oxylucif erin) ,  when  mixed  with  bacterial  luciferin,  i.e. 
with  what  would  be  analogous  to  a  Cypridina  luciferin  preparation 
(bacteria  boiled  and  cooled  in  a  hydrogen  atmosphere),  gave  no  light. 
Attempts  to  demonstrate  luciferase  in  ground  bacteria,  desiccated 
marine  bacteria  resuspended  in  water  or  adsorption  extracts,  described 
in  the  preceding  paragraph,  with  the  above  luciferin  preparation  also 
proved  negative.  Likewise,  "cross"  experiments  with  Cypridina 
luciferin  and  luciferase  also  failed. 

Extracts  of  Cypridina  which  have  become  dark  due  to  the  oxidation 
of  all  the  luciferin  will,  when  electro-! y zed,  luminesce  in  the  vicinity  of 
the  cathode,  due  to  cathodal  reduction  (Harvey,  1923).  Various 
extracts  of  the  luminous  bacteria,  similarly  treated,  did  not  luminesce. 

MECHANICAL  DESTRUCTION  OF  BACTERIA 

This  was  accomplished  with  a  device  consisting  of  a  ground- 
glass  rod  revolving  in  a  close-fitting  glass  tube  whose  inner  surface  in 
contact  with  the  rod  is  also  ground.2  (Ten  Broeck,  1931 ;  Glaser  and 
Coria,  1935.)  The  rod  was  fitted  to  the  shaft  of  a  small  electric  motor. 
In  order  to  grind  in  the  absence  of  oxygen,  the  grinder  and  motor  were 
hermetically  enclosed  in  a  casement  of  brass  and  glass.  The  glass  part 
consisted  of  a  test  tube  sealed  with  deKhotinsky  cement  into  a  circular 
opening  in  the  brass  case  containing  the  motor.  This  glass  tube  con- 
tained the  grinding  parts,  thus  permitting  observation.  Wires  to  the 
motor  and  gas-inlet  and  -outlet  tubes  were  fitted  to  the  brass  case 
through  a  rubber  stopper,  so  that  the  apparatus  could  be  exhausted 
with  a  vacuum  pump  or  hydrogen  passed  through  it  while  grinding  was 
taking  place. 

A  small  quantity  of  thick,  bright  suspensions  was  carefully  pipetted 
into  the  bottom  of  the  grinding  vessel  without  getting  bacteria  on  the 
walls  of  the  vessel.  The  bacteria  were  ground  either  in  an  atmosphere 
of  hydrogen  or  in  a  vacuum  at  a  high  rate  of  speed  for  one  to  two  hours, 
after  which  air  was  admitted  in  the  dark  and  observations  made.  The 
temperature  never  rose  above  28°  C.  If  grinding  was  thorough,  no 
light  appeared  on  aerating.  If,  before  grinding  was  begun,  finely 
divided  Pt  was  added  to  the  suspension,  and  the  experiment  performed 
in  a  H2  atmosphere,  the  results  were  also  the  same,  no  light  appearing 
on  aeration. 

EXPERIMENTS  WITH  SONIC  VIBRATION 

A  number  of  experiments  in  which  destruction  of  the  bacteria  was 
accomplished  by  means  of  a  powerful  magnetostriction  oscillator  of 

-  The  author  is  grateful  to  Dr.  R.  W.  Glaser  of  Rockefeller  Institute,  Princeton, 
for  a  set  of  the  glass  parts,  after  which  others  were  modelled. 
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9,000  cycles  were  performed.3  Sonic  radiation  from  the  apparatus 
used  is  known  to  break  apart  bacteria  into  fragments  (Chambers  and 
Gaines,  1932)  and  will  extinguish  the  luminescence  of  bacterial  suspen- 
sions in  air  in  13  to  20  minutes.  The  suspension  was  contained  in  a 
glass  vessel  fitted  over  the  vibrating  nickel-alloy  tube,  and  deaerated 
by  a  stream  of  nitrogen  first  passed  over  heated  copper  to  remove 
traces  of  oxygen.  The  suspension  was  completely  darkened  by  the 
removal  of  dissolved  oxygen  before  the  generator  was  turned  on,  but  for 
some  reason  the  suspension  became  slightly  luminous  again  on  even 
momentary  irradiation,  indicating  the  presence  of  a  small  amount  of 
oxygen.  Although  this  was  washed  out  by  the  continued  stream  of 
N*,  there  was  almost  always  a  reappearance  of  luminescence  on  irradiat- 
ing. Bacteria,  irradiated  in  the  presence  of  this  small  concentration  of 
oxygen  for  13-20  minutes  (the  time  required  depending  on  the  concen- 
tration of  bacteria)  showed  no  luminescence  on  blowing  air  through 
their  suspensions.  In  only  two  experiments  were  we  successful  in 
completely  deaerating  the  suspensions  (as  shown  by  darkness  of  the 
suspensions  on  momentarily  turning  on  the  oscillator).  These,  also, 
did  not  luminesce  on  beini;  aerated  at  the  end  of  the  run. 

The  work  of  Shoup  (1929,  1933,  1934)  and  of  Taylor  (1932,  1934) 
has  shown  that  when  respiration  is  inhibited  by  a  variety  of  methods, 
e.g.  K(\\,  TO,  excessive-  dinitrophenol,  lowered  oxygen  tension, 
luminescence  is  not  affected  until  respiration  is  reduced  to  about  40-50 
per  cent  of  the  normal,  when  the  intensity  drops  off.  \Yhether  the 
failure  of  respiration  and  of  luminescence  is  due  to  some  common  factor 
or  whether  the  failure  of  respiration  bears  some  causal  relation  to  that 
of  luminescence  cannot  be  readily  determined.  It  is  easy  to  show  that 
the  respiration  of  "cytolyzed"  bacteria  is  greatly  affected.  As  de- 
termined by  a  modification  of  the  dimming-time  method  their  respira- 
tion is  reduced  to  far  below  the  40  50  per  cent  level,  often  lower  than 
10  per  cent.  It  seems  that  the  dehydrogenases  are  the  affected  sys- 
tems, rather  than  the  oxidase-cytochrome  system,  for  the  rate  of  reduc- 
tion of  methylene  blue  (Thunberg  terlmi<|iie)  is  greatly  lowered  by 
osmotic  cytolysis  while  the  Nadi  test  for  indophenol  oxidase  is,  if 
anything,  intensified. 

I  MM  rssiON 

Even  a  cursory  review  of  tin-  literature  shows  that  bacterial 
luminescence  is  far  from  unique  among  biological  oxidative  reactions  in 
being  dependent  upon  cellular  structures  and  having  catalysts  not 

I  am  most  grateful  to  Dr.  Leslie  A.  Chambers  and  the  Johnson  Foundation  for 
Medical  Physics  for  the  use  of  the  oscillator  and  assistance  in  its  operation. 
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extractable  in  the  soluble  form.  Some  of  the  oxidative  reactions  of 
blood  cells  are  inhibited  or  destroyed  by  osmotic  hemolysis,  and  it  is 
particularly  true  that  the  dehydrogenations  by  bacteria  disappear  with 
cell  destruction  (Quastel  and  Woolridge,  1927,  1928;  Stephenson,  1928; 
Young,  1929),  although  some  of  the  dehydrogenations  are  less  de- 
pendent on  normal  structure  than  others.  Other  interesting  observa- 
tions are  those  of  Gozony  and  Suranyi  (1925)  and  of  Shwartzman 
(1926),  who  found  that  lysis  with  phage  greatly  reduced  the  rate  of 
methylene  blue  reduction  by  bacteria.  Clifton  (1933)  found  that  lysis 
with  phage  causes  less  negative  reduction  potentials  in  suspensions  of 
Staphylococcus  aureus.  I  have  found  that  cytolysis  (by  hypotonic 
solutions,  cytolytic  agents,  and  autolysis)  produces  similar  effects  on 
luminous  bacteria.  The  oxidative  reactions  observed  by  Neill  and  his 
coworkers  (1924-1928)  in  detritus-free  extracts  of  Pneumococcus  are  all 
very  likely  due  to  the  presence  of  non-enzymic  catalysts  such  as  certain 
intracellular  reversibly  oxidizable  pigments. 

Whether  luciferase  can  be  classed  with  the  dehydrogenases  is,  of 
course,  debatable.  One  fundamental  similarity  is  shown,  however,  in 
that  luciferin  (LH2)  is  oxidized  to  oxyluciferin  (L)  by  a  dehydrogena- 
tion  catalyzed  by  luciferase.  The  energy  derived  from  this  oxidation 
is  then  transferred  to  the  luciferase,  which  luminesces  (Harvey,  1927). 
Cypridina  luciferin,  however,  differs  from  other  hydrogen-donators  in 
being  autoxidized  in  the  presence  of  oxygen,  and  readily  oxidized  by 
certain  oxidizing  agents,  e.g.  ferricyanide  and  quinone,  but  without  the 
production  of  light.  Hence,  for  luminescence,  the  reaction  is  highly 
specific. 

Although  bacterial  luminescence  and  Cypridina  luminescence  are 
both  dependent  on  molecular  oxygen,  the  inability  to  demonstrate  the 
luciferin-luciferase  reaction  or  to  obtain  any  luminescence  from  injured 
or  disintegrated  bacterial  cells,  even  under  the  most  favorable  condi- 
tions, forces  us  to  the  conclusion  that  luminescence  in  these  forms  is 
very  decidedly  bound  up  in  an  intimate  manner  with  structural  condi- 
tions, presumably  unaltered  surfaces  in  or  on  the  cell. 

SUMMARY 

Three  species  of  luminous  bacteria  were  injured  or  destroyed  by  a 
variety  of  modifications  of  four  general  methods:  (a)  cytolysis  with  fat 
solvents,  (6)  osmotic  cytolysis,  (c)  mechanical  grinding,  and  (d)  intense 
sonic  vibration.  Although  all  experiments  were  performed  under 
conditions  which  would  have  prevented  the  oxidation  of  the  bacterial 
luciferin  and  which  were,  in  general,  favorable  for  bioluminescence,  it 
was  not  possible  in  any  case  to  demonstrate  the  luciferin-luciferase 
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reaction  or  obtain  luminescence  from  bacteria  whose  structure  had  been 
materially  altered.  The  conclusion  is  drawn  that  bioluminescence, 
like  many  other  bacterial  oxidative  phenomena,  is  closely  associated 
with  cellular  structure.  Respiration  and  reducing  activity  were 
shown  also  to  be  greatly  affected. 

The  author  wishes  to  express  his  profound  gratitude  to  Professor 
K.  Newton  Harvey,  under  whom  this  work  was  done,  for  his  interest 
and  helpful  advice. 
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THE  EFFECTS  OF  ANTUITRIN  S  AND  SHEEP  PITUITARY 

EXTRACT   ON   THE    FEMALE   LIZARD, 

ANOLIS   CAROLINENSIS 

LLEWELLYN   THOMAS   EVANS 
(From  the  Biological  Laboratories,  Harvard  University) 

INTRODUCTION 

The  relationship  between  the  pituitary  and  the  female  genital 
system  of  the  reptile  is  only  partially  understood.  Ovulation  in  the 
snake,  Xenodon  merremi,  resulted  after  five  homoplastic  pituitary  im- 
plants (Houssay,  1931).  Ovulation  was  induced  in  Anolis  carolinensis 
after  five  homoplastic  pituitaries  were  implanted  and  in  one  case  after 
three  frog  pituitaries  were  implanted  (Evans,  1935).  Forbes  (1934) 
reports  hypertrophy  of  the  genital  system  of  young  alligators  with 
whole  gland  sheep  pituitary  extract. 

Since  homoplastic  pituitary  implants  induce  ovulation  in  reptiles, 
the  present  study  was  made  in  order  to  learn  whether  mammalian 
pituitary  extracts  wrould  also  induce  ovulation. 

The  oviduct  of. the  normal  female  of  Anolis  carolinensis  is  divided 
into  five  general  regions:  the  infundibulum,  the  tube,  the  albumen- 
secreting  portion,  the  uterus,  and  the  vagina  (Giacomini,  1893).  The 
epithelial  cells  of  the  albumen-secreting  portion  are  cuboidal  and  seem 
to  be  the  only  glands  present,  there  being  none  beneath  the  mucous 
layer.  Special  glands,  however,  exist  in  the  submucous  region  of  the 
uterus.  These  connect  with  the  lumen  of  the  uterus  by  means  of  ducts. 

MATERIALS  AND  DESCRIPTION 
Antuitrin  S  Series 

Fifty-five  females  of  Anolis  carolinensis  received  injections  of 
Antuitrin  S  (Parke  Davis,  Series  3024898).  The  first  injections  were 
administered  on  November  22,  1933,  the  last  on  April  1,  1934.  Some 
females  received  more  injections  than  others  and  at  varying  intervals, 
but  the  dosage  in  all  cases  was  .02  cc.  diluted  with  two  or  three  parts  of 
cold-blooded  Ringer's  solution.  This  dose  represents  the  maximum 
that  was  safe  to  use.  Larger  dosage  often  proved  fatal.  Twenty-five 
females  served  as  controls  and  were  kept  under  the  same  conditions  as 
the  injected  animals. 

Internal  changes  brought  about  by  the  injections  were  largely  con- 
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fined  to  the  ovaries  and  oviducts.  Figure  \a  shows  the  control  (on  the 
left)  as  compared  to  Ib  from  a  female  which  received  three  daily  in- 
jections, was  then  rested  for  30  days,  followed  by  six  more  injections, 
then  another  rest  of  7  days  followed  by  two  injections.  She  was 
killed  24  hours  later,  February  28,  1934,  together  with  the  control 
shown  in  Fig.  1.  Figure  \c  shows  the  condition  produced  in  a  female 
which  received  twelve  daily  injections  and  then  was  killed,  24  hours 
later,  March  15,  1934.  These  two  particular  cases  are  representative 
of  the  results  obtained  in  the  55  females,  so  it  seems  unnecessary  to 
illustrate  other  cases. 

Reference  to  Fig.  1  reveals  the  alteration  produced  in  the  oviducts 
by  injections.  In  the  control  the  oviduct  appears  as  a  continuous 
straight  tube  which  becomes  slightly  larger  in  the  region  of  the  uterus. 
Figures  \b  and  Ir,  however,  show  the  oviduct  very  much  enlarged  and 
thrown  into  many  folds.  The  albumen-secreting  portion  becomes 
greatly  lengthened  but  its  walls  remain  relatively  thin.  The  uterus,  on 
the  contrary,  increases  more  in  circumference  than  in  length.  This 
increase  in  diameter  is  brought  about  partly  by  a  thickening  of  the 
walls  due  to  the  greatly  hypertrophied  glands  lying  beneath  the  mucous 
lining  of  the  lumen.  The  infundibulum  (i),  albumen-secreting  portion 
(a/),  and  the  uterus  («)  are  well  shown. 

The  lumen  of  the  infundibular  region  is  usually  closed  by  the 
temporary  fusion  of  the  mucous  walls  but,  under  the  influence  of  the 
extract,  the  lumen  becomes  patent.  The  epithelial  cells  lining  the  tube 
region  are  not  visibly  hypertrophied  by  the  hormone.  The  mucosa  of 
the  albumen-secreting  portion  shows  considerable  response.  The 
individual  cells  change  in  shape  from  cuboidal  to  columnar. 

I  XI'I.AXATION  OK   PLATE  I 

Abbreviations:  «./,  albumen-secreting  portion  of  oviduct;  £,  glandular  area  of 
uterus  or  shell-secreting  portion  of  oviduct ;  i,  infundibulum  of  oviduct;  /,  lumen;  in. 
smooth  muscle  layer  of  oviduct;  s,  mucous  layer  of  oviduct. 

All  figures  are  of  Anolis  carolinensis. 

FK;.  1.  4%  X.  Ovary  and  oviduct,  (a)  Control.  Killed  February  28,  1934. 
(b)  Received  injections  of  Antuitrin  S  with  intervals  of  rest  as  follows:  three  daily 
injections,  30  clays  rest,  6  daily  injections,  7  days  rest,  2  daily  injections.  Killed 
February  28,  1934.  (r)  Received  12  daily  injections  of  Antuitrin  S.  Killed  24 
hours  later,  March  15,  1934.  (d)  Received  12  injections  of  whole  gland  sheep 
pituitary  extract  at  36-hour  intervals.  Killed  24  hours  later,  March  15,  1934. 

FK;.  2.  210  X.  Control.  Cross-section  of  albumen-secreting  portion  of  the 
oviduct. 

I  i<;.  3.  210  X.  Same  as  d  in  Fig.  1.  Cross-section  of  albumen-secreting 
portion  of  the  oviduct. 

I  ii..  4.  210  X.  Same  as  d  in  Fig.  1.  Cross-section  of  uterus.  Note  duct 
from  glandular  area  at  .v. 

FK;.  5.  210  X.  Control.  Cross-section  of  uterus.  Note  duct  from  glandular 
area  at  x. 
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The  uterus  shows  a  curious  contrast  to  the  albumen-secreting 
portion  in  its  response  to  the  injections.  The  superficial  cells  of  the 
mucosa  are  not  altered  in  shape  but  remain  cuboidal.  The  so-called 
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shell-secreting  glands  which   lie  between  the  mucous  layer  and  the 
muscle  layer  become  much  enlarged. 

The  ovary  is  definitely  affected  by  Antuitrin  S  as  Figs,  la,  \b,  and 
\c  bring  out  clearly.  Figure  \c  shows  approximately  100  per  cent 
hypertrophy  as  compared  with  the  control.  In  Fig.  Ib,  however,  the 
ovary  is  at  least  four  times  larger  than  the  control. 
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It  is  interesting  to  note  that  eleven  injections  in  groups  of  3,  6,  and 
2,  with  several  days  interval  between  injections,  produced  a  greater 
hypertrophy  of  both  ovary  and  oviduct  (16)  than  was  secured  when  one 
injection  was  given  daily  for  twelve  days  (If).  Seasonal  effects  can  be 
ruled  out  since  \b  was  killed  two  weeks  earlier  than  If. 

No  matter  what  combination  of  injections  and  rest  intervals  was 
used,  Antuitrin  S  failed  to  induce  egg-laying. 

Sheep  Pituitary  Series 

Twenty-five  females  of  Anolis  carolinensis  were  injected  with  sheep 
pituitary  (whole-gland  pituitary  extract *)  at  varying  intervals  between 
December  1,  1933  and  April  1,  1934  and  with  a  varying  number  of 
injections.  A  single  dose  was  always  .02  cc.  diluted  as  for  Antuitrin  S. 
The  same  controls  were  used. 

The  use  of  sheep  pituitary  gave  results  which  were  more  satisfactory 
in  that  complete  ovulation  was  induced.  On  March  23,  1934  two  eggs 
were  laid  and  on  March  24,  two  more.  A  fifth  appeared  on  April  1 1. 
In  these  particular  cases,  twelve  injections  of  sheep  pituitary  were 
given  at  an  average  of  36-hour  intervals,  the  last  injection  being  on 
March  2,  1934.  All  of  the  25  females  that  received  the  sheep  pituitary 
responded  by  a  great  hypertrophy  of  the  ovaries  and  oviducts.  Main- 
cases  showed,  however,  that  the  eggs  which  were  ready  to  be  laid  were 
retained  in  the  ovary.  Such  females  had  unusually  large  abdomens, 
moved  about  very  little,  and  seemed  to  be  in  a  lethargic  state.  In  these 
cases  the  eggs  were  very  slowly  resorbed  so  that  by  the  first  of  August 
the  ovaries  were  reduced  to  the  si/e  of  that  shown  in  Fig.  If.  The 
bright  orange  color  of  the  partially  resorbed  eggs  made  them  easily 
distinguishable  from  young  ova  of  the  same  size  which  were  always 
white. 

Figure  \d  shows  a  typical  case  of  induction.  This  particular  animal 
was  killed  March  15,  1934,  24  hours  after  receiving  twelve  injections  at 
36-hour  intervals.  The  large  egg  is  almost  ready  to  leave  the  ovary. 
The  infundibulum  has  surrounded  the  egg,  enveloping  it  like  a  trans- 
parent membrane.  The  latter  is  visible  in  the-  fresh  condition  only 
because  of  its  blood  vessels,  which  form  a  network  over  the  egg  (not 
visible  in  the  photograph).  The  same  figure  shows  clearly  the  in- 
fundibulum, albumen-secreting  portion,  and  the  uterus.  Comparison 
with  the  normal  oviduct  at  the  time  of  ovulation  (not  shown)  makes  it 
seem  certain  that  this  figure  represents  a  condition  homologous  to  that 
just  prior  to  normal  ovulation. 

Figure  \d  represents,  then,  the  maximum  degree  ol  hypertrophy 
which  was  obtained  in  our  injected  series.  The  uterine  portion  is 

1  Kindly  supplied  by  I  >r.  Oliver  Kumm  of  Parke  Davis  Company. 
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especially  large.  This  hypertrophy  is  due  primarily  to  the  increase  in 
the  size  of  the  glands  which  lie  in  the  submucous  region.  These  are 
larger  in  all  dimensions  than  the  same  glands  in  Fig.  \b  or  \c.  Figure  4 
shows  a  section  of  this  uterus  in  greater  detail.  The  glandular  cells  are 
palisade  in  shape  and  are  rilled  with  a  highly  refractive  granular 
substance.  The  nuclei  lie  at  the  outer  periphery  of  the  cells  and  away 
from  the  lumen  of  the  gland.  The  cells  have  become  so  enlarged  that 
the  free  secreting  surfaces  of  opposite  cells  abut  one  another,  thus 
closing  the  lumina  of  the  glands. 

Non-sexual  Effects  of  Both  Antuitrin^S  and  Sheep  Whole  Gland  Extract 

These  effects  made  their  appearance  after  the  third  or  fourth  in- 
jection and  continued  for  at  least  four  months  after  the  last  injection. 
Both  extracts  caused  the  females  to  differ  from  the  controls  in  that 
(1)  their  appetites  were  greater  and  while  they  ate  more  they  remained 
much  thinner ;  (2)  general  activity  and  speed  of  movement  were  greater ; 
(3)  moulting  occurred  oftener. 

Summary 

Between  November  1933  and  April  1934,  55  females  of  Anolis 
carolinensis  were  injected  with  Antuitrin  S,  while  25  were  injected  with 
whole  gland  sheep  pituitary  extract.  Twenty-five  females  served  as 
controls.  The  dosage  was  .02  cc.  of  either  extract  diluted  with  cold- 
blooded Ringer's  solution. 

Both  extracts  caused  hypertrophy  of  the  ovaries  and  oviducts  but 
ovulation  and  egg-laying  were  induced  only  with  sheep  pituitary. 
Moreover,  in  many  females  which  received  sheep  extract  the  ovaries 
contained  mature  ova  that  were  not  laid  but  were  slowly  resorbed  dur- 
ing the  ensuing  spring  and  summer. 

With  both  extracts  the  epithelial  cells  lining  the  albumen-secreting 
portion  of  the  oviduct  changed  from  cuboidal  to  columnar,  while  those 
of  the  epithelium  of  the  uterus  were  very  little  affected  by  the  in- 
jections. The  deep-lying  shell  glands  of  the  uterus,  however,  were 
greatly  enlarged. 

Injected  animals  ate  more,  were  more  active,  and  moulted  oftener 
than  controls. 

I  \\ish  to  thank  Professor  Leigh  Hoadlev  and  Professor  Alden  13.  Dawson  for 
their  kind  help  and  valuable  criticism  during  the  course  of  this  investigation. 
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THE   HEMOLYTIC   ACTION    OF   PHOTOFLUORESCEIN  ' 

JOHN    F.    MEXKE 

(From  the  Department  of  Embryology,  Carnegie  Institution  of 
Washington,  Baltimore,  Maryland] 

Numerous  efforts  have  been  made  to  offer  an  explanation  for  photo- 
dynamic  action.  The  most  recent  is  that  of  Blum  (1930),  who  ob- 
tained hemolysis  of  red  blood  cells  with  a  previously  irradiated  solution 
of  eosin,  and  sought  to  explain  it  by  demonstrating  the  production  of  a 
peroxide  during  the  irradiation.  Later  Blum  and  Spealman  (1933) 
were  unable  to  substantiate  this  by  further  experiment. 

During  my  work  on  the  effect  of  photodynamic  action  on  normal 
and  malignant  cells,  I  began  to  suspect  that  possibly  the  product  of 
irradiation  of  these  dyes  as  described  by  Wood  (1922)  might  be  in  some 
way  responsible  for  this  action.  \Yith  this  in  mind  the  following 
method  was  devised  for  the  making  and  the  isolation  of  the  photocom- 
pound  of  fluorescein. 

A  photocompound  of  fluorescein  was  made  by  continuous  irradia- 
tion of  a  dilute  solution  of  sodium  fluorescein  in  distilled  water;  50 
milligrams  of  the  dye  were  dissolved  in  a  two-liter  Erlenmeyer  flask  of 
distilled  water.  Rays  of  sunlight  were  concentrated  to  a  point  focus 
on  the  flask  by  means  of  a  4}^-inch  reading  glass.  At  first  the  solution 
fluoresces  brilliantly,  but  slowly  diminished  until  after  some  300  hours 
of  irradiation  the  fluorescence  of  the  solution  completely  disappears, 
leaving  a  product  which  \Yood  calls  the  photocompound  of  fluorescein 
or  photofluorescein.  Wood  described  this  compound  as  being  an  inter- 
mediate product  in  the  bleaching  reaction  of  the  dye,  and  states  that 
further  continued  irradiation  will  result  in  bleaching. 

In  order  to  reclaim  the  photocompound  from  this  very  dilute  solu- 
tion, it  was  precipitated  by  the  addition  of  a  small  amount  of  hydro- 
chloric acid  and  M-J united  by  filtering.  After  thorough  washing  with 
distilled  water  the  precipitated  dye  was  made  back  into  its  sodium  salt 
by  the  careful  addition  of  barely  enough  sodium  hydroxide  to  carry  it 
into  solution.  Then  by  careful  evaporation  the  crystalline  material 
was  obtained,  weighed,  and  dissolved  in  Locke's  solution  in  quantity 
such  that  0.1  cc.  contained  one  milligram  of  photofluorescein.  Glass 
elect  n  >de  pi  I  determination  to  check  the  possibility  of  excess  alkali  was 

1  Aided  by  a  grant  from  the  International  Cancer  Research  Foundation  to  Dr. 
\V.  II.  I  ewis. 
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made  on  a  1/1,000  dilution  in  Locke's  solution.  The  pH  was  found  to 
be  7.85. 

Red  blood  cells  were  obtained  from  normal  healthy  rats.  Heparin 
was  used  to  prevent  clotting.  The  plasma  was  removed  after  centri- 
fugation  and  the  cells  washed  thoroughly  with  Locke's  solution. 
Various  alkaline  buffer  solutions  were  used  in  control  experiments  to 
rule  out  any  effect  of  the  slight  alkaline  reaction  of  the  photocompound. 
All  experiments  were  carried  out  in  a  water  bath  in  which  the  tempera- 
ture was  controlled  at  38°  C. 

Nine  series  of  experiments  were  set  up  to  test  the  hemolytic  action 
of  this  photocompound  and  to  provide  the  necessary  control  tests. 

Series  1.  To  1.0  cc.  of  1  per  cent  red  blood  cells  in  Locke's  solution 
was  added  1.0  cc.  of  Locke's  solution  containing  1.0  milligram  of 
photofluorescein.  This  was  incubated  in  the  dark  for  two  hours  at 
38°  C.  Complete  hemolysis  resulted. 

Series  2.  To  1.0  cc.  of  1  per  cent  red  blood  cells  in  Locke's  solution 
was  added  1.0  cc.  of  Locke's  solution  containing  1.0  milligram  of 
(ordinary)  fluorescein.  This  was  incubated  in  the  dark  for  two  hours 
at  38°  C.  No  hemolysis  resulted. 

Series  3.  Same  as  Series  2  except  that  this  was  incubated  in  the 
presence  of  strong  sunlight  for  2  hours  at  38°  C.  Complete  hemolysis 
resulted. 

Series  4.  One  cc!  of  1  per  cent  red  blood  cells  in  Locke's  solution 
was  centrifuged  and  the  Locke's  solution  drawn  off.  To  the  remaining 
red  blood  cells  was  added  2  cc.  of  Locke's  solution  containing  1.0  milli- 
gram of  fluorescein  which  had  been  previously  irradiated  with  sunlight 
for  2  hours.  The  resulting  combination  of  red  blood  cells  and  the 
previously  irradiated  dye  in  Locke's  solution  was  then  incubated  in  the 
dark  for  2  hours  at  38°  C.  Partial  hemolysis  resulted. 

Series  5.  To  1.0  cc.  of  1  per  cent  red  blood  cells  in  Locke's  solution 
was  added  1.0  cc.  of  Locke's  solution  buffered  to  pH  8.0.  This  was 
incubated  in  the  dark  for  2  hours  at  38°  C.  No  hemolysis  resulted. 

Series  6.  Same  as  Series  5  except  that  the  1.0  cc.  of  Locke's  solu- 
tion added  was  buffered  to  pH  9.0.  This  was  incubated  in  the  dark  for 
2  hours  at  38°  C.  No  hemolysis  resulted. 

Series  7 .  Same  as  Series  5  except  that  the  1.0  cc.  of  Locke's  solu- 
tion added  was  buffered  to  pH  10.0.  This  was  incubated  in  the  dark 
for  2  hours  at  38°  C.  Slight  hemolysis  resulted. 

Series  8.  To  1.0  cc.  of  1  per  cent  red  blood  cells  in  Locke's  solution 
was  added  1.0  cc.  of  Locke's  solution.  This  was  incubated  in  the  dark 
for  2  hours  at  38°  C.  No  hemolysis  resulted. 

Series  9.     Same  as  Series  8  except  that  this  was  incubated  in  the 
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presence  of  strong  sunlight  for  2  hours  at  38°  C.  No  hemolysis 
resulted. 

From  the  results  given  it  can  be  seen  that  photofluorescein  is  capable 
of  producing  hemolysis  in  the  dark  to  the  same  extent  that  fluorescein 
is  capable  in  the  light,  and  that  the  unirradiated  fluorescein  has  no 
apparent  hemolytic  action  in  the  dark.  Also,  that  a  short  two-hour 
previous  irradiation  of  a  solution  of  the  dye  produces  enough  of  the 
photocompound  to  produce  a  partial  but  well  marked  hemolysis.  The 
buffer  solution  controls  showed  no  hemolysis  except  in  the  case  of  pH 
10.0,  in  which  slight  hemolysis  occurred.  This  result  rules  out  any 
possible  effect  of  the  pH  7.85  reaction  of  the  photofluorescein.  By  a 
series  of  trials  it  was  found  that  approximately  two  hours  in  the  dark 
were  required  for  a  1 :2,00()  dilution  of  the  photofluorescein  tohemolyze 
one  cc.  of  1  per  cent  red  blood  cells. 

It  is  logical  to  suppose  that  although  long  periods  of  irradiation  are 
necessary  for  the  formation  of  appreciable  quantities  of  the  photocom- 
pound, shorter  periods  of  irradiation  will  produce  sufficient  amounts  to 
produce  hemolysis  when  the  cells  are  in  contact  with  the  dye  during  the 
irradiation,  or  when  the  dye  is  previously  irradiated.  Just  what 
changes  are  induced  in  the  molecule  by  the  irradiation  are  as  yet 
unknown.  Wood  has  shown  that  the  absorption  spectrum  of  the 
photofluorescein  has  shifted  toward  the  red  end  of  the  spectrum. 
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THE   VALIDITY   OF   THE   CENTRIFUGE   METHOD    FOR 
ESTIMATING   AGGREGATE   CELL   VOLUME    IN   SUS- 
PENSIONS  OF   THE    EGG   OF  THE   SEA-URCHIN, 
ARBACIA   PUNCTULATA 

HERBERT   SHAPIRO1 

(From  the  Physiological  Laboratory,  Princeton  University,  and 
the  Marine  Biological  Laboratory,  Woods  Hole,  Massachusetts) 

A  problem  which  frequently  arises  in  biological  work  is  the  de- 
termination of  the  total  volume  of  the  cells  whose  functional  activities 
are  being  studied.  This  appears,  for  example,  in  measurements  of 
oxygen  consumption  (Whitaker,  1933;  Gerard  and  Rubinstein,  1934), 
where  it  may  be  desirable  to  give  absolute,  rather  than  relative  figures. 
With  free  cells  whose  outline  closely  approximates  that  of  a  sphere,  such 
as  certain  marine  eggs,  it  is  possible  to  estimate  the  total  volume  of 
material  to  a  degree  of  precision  depending  upon  the  regularity  of  con- 
figuration of  the  particular  species  of  cell,  by  measuring  the  diameter  of 
the  cells,  and  the  concentration  of  cells  with  a  suitable  counting  cham- 
ber. This  procedure  cannot  be  followed  when  cells  are  of  irregular 
outline,  for  then  the  volume  of  the  individual  cell  is  not  easily  com- 
puted; one  must  then  resort  to  a  method  such  as  centrifugalization. 
The  problem  then  becomes  one  of  ascertaining  how  closely  the  volume 
of  the  packed  cells,  as  estimated  from  the  length  of  the  capillary  occu- 
pied by  the  mass  of  material,  approaches  the  true  volume,  and  de- 
termining the  complicating  effect  of  extracellular  structures  such  as 
enveloping  membranes,  or  other  layers  of  varying  dimensions.  A 
special  case  is  considered  here,  viz.,  that  of  the  egg  of  the  Woods  Hole 
sea-urchin,  Arbacia  punctulata.  A  justification  for  a  detailed  inquiry 
of  a  largely  routine  nature  lies  in  the  wide  use  of  these  cells  for  physio- 
logical work.  Harvey  (1932)  has  collocated  the  quantitative  data 
pertaining  to  the  various  aspects  of  the  chemical  and  physical  prop- 
erties of  this  cell.  No  validation  of  the  centrifuge  method  has  ap- 
peared, although  numerous  investigators  have  used  it  for  this  and 
other  cells  to  determine  egg  volume.  The  A  rbacia  egg  is  good  material 
for  this  study  because,  owing  to  its  negligible  departure  from  perfect 
sphericity  of  shape,  its  volume  can  be  computed  fairly  precisely  from  a 
measurement  of  the  egg  diameter;  and  the  material  is  obtainable  in 
abundance.  To  consider  the  limits  of  error  in  the  use  of  the  centrifuge, 

1  National  Research  Council  Fellow  in  the  Biological  Sciences. 
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under  the  conditions  specified,  for  a  measure  of  the  aggregate  volume  of 
cell  populations,  the  evidence  will  be  given  under  these  general  head- 
ings: methods  of  measuring  concentrations  and  volume  (hemacytome- 
ter  and  centrifuge),  distribution  of  egg  sizes,  the  stacking  of  cells, 
extracellular  structures,  the  general  effects  of  centrifugalization  on  the 
packing  of  cells,  and  on  their  subsequent  viability. 

Relative  Advantages  of  Counting  and  Centrifuging 

In  weighing  the  relative  advantages  of  the  two  methods  it  is  to  be 
noted  that  the  centrifuge  method  cannot  be  used  where  the  volume 
of  cells  must  be  known  before  they  are  used,  or  where  it  is  desired  to 
follow  the  effect  of  experimentally  imposed  conditions  upon  embryo- 
logical  development  after  measurements  have  been  made.  The 
hemacytometer  method,  on  the  other  hand,  although  slightly  more 
laborious,  and  involving  measurement  of  cell  diameters  and  computa- 
tion of  their  volumes,  requires  only  small  samples  of  material,  and  can 
thus  be  used  without  reference  to  considerations  of  quantity  of  material 
available. 

Distribution  of  Cell  Volumes 

The  measurement  of  the  egg  volume  was  the  most  precise  datum 
available,  and  was  computed,  after  determination  of  the  diameter, 
from  the  formula, 

V       4/3  Trr3. 

Since  volume  is  a  cubic  function  of  the  radius,  r, 

dV/dr 


and  it  may  be  noted  that  the  difference  in  volume  accruing  from  an 
error  of  1  ju  in  the  measurement  of  the  diameter  of  a  74  p.  egg  is  about  4 
per  cent;  and  that  the  radius  is  to  be  determined  as  accurately  as 
possible. 

A  specially  designed  glass  chamber,  about  0.6  mm.  deep,  and  with 
optically  plane  walls,  was  used  to  contain  t  lie  eggs.  After  a  suspension 
was  pipetted  into  it,  the  open  portion  was  covered  over  with  a  cover 
slip,  and  evaporation  thus  prevented.  Egg  diameters  were  measured 
with  a  filar  ocular  micrometer  whose  scale  could  be  read  to  a  fraction  of 
a  micron.  Recalibrations  of  the  ocular  scale  were  frequent,  to  remain 
certain  of  its  constancy.  From  each  batch  of  eggs  used,  the  diameters 
of  about  ten  eggs  were  measured,  and  their  volumes  averaged,  to  secure 
a  representative  figure. 

As  regards  the  extent  of  dispersion  of  egg  volumes,  it  can  be  said 
from  inspection  of  Fig.  1  that  the  volumes  of  eggs  from  different 
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females  vary  considerably.  It  is  not  feasible,  then,  to  assume  a 
diameter  of  74  fj,  (a  figure  commonly  employed)  when  the  variation  is  so 
great.  The  curve  was  drawn  from  data  on  the  volume  and  diameter  of 
eggs  counted  and  measured  throughout  the  summer  of  1934.  The 
mode  occurred  at  slightly  less  than  72  /i  diameter,  corresponding  to  a 
volume  of  about  193,000  /r5.  The  extremes  encountered  in  these 
measurements  were  diameters  of  64  and  81  ju.  Whether  the  consider- 
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FIG.  1.  Distribution  of  volumes  of  467  eggs  from  45  urchins  selected  at  random 
during  the  season  of  1934.  The  mode  occurred  at  an  egg  diameter  of  slightly  less 
than  72  micra. 

ably  wider  distribution  and  different  mode  for  A  rbacia  eggs  reported  by 
Glaser  (1914)  is  intrinsically  a  seasonal  effect  and  may  obtain  at  other 
breeding  periods,  remains  to  be  determined.  Not  only  is  the  absolute 
diameter  less  variable  for  individual  females,  but  the  degree  of  disper- 
sion of  diameters  of  cells  from  one  animal  is  approximately  constant, 
regardless  of  the  mode.  To  determine  how  individual  urchins  compare 
in  the  variation  of  egg  volumes,  9  eggs  were  selected  at  random  from 
each  of  14  animals,  and  the  cell  volumes  measured.  The  total  varia- 
tion in  egg  volume  was  similar  to  that  of  Fig.  1,  but  the  coefficient  of 
variation  (v  =  lOOa/M,  a  •-  standard  deviation)  was  approximately 
the  same  for  the  eggs  from  each  urchin;  the  average  coefficient  of 
variation  was  5.4  per  cent. 

Theoretical  Considerations:  the  Stacking  of  Cells 

If  rigid  spheres  be  stacked  with  their  centers  in  line  with  each  other, 
they  occupy  52.36  per  cent  of  the  volume  of  the  container;  when  nested 
fully,  74  per  cent.  These  values  hold  regardless  of  the  absolute 
diameter  of  the  spheres,  provided  they  are  all  of  the  same  size.  Thus, 
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if  Arbacia  eggs  were  allowed  to  settle  unhampered  in  a  capillary  tube, 
the  volume  read  off  should  be  135.2  per  cent  of  the  true  volume.  They 
are  prevented  from  actually  nesting  as  close  as  this,  under  the  influence 
of  gravity  alone,  by  the  presence  of  the  jelly,  which  envelops  eggs 
freshly  shed  or  removed  from  the  ovaries.  Owing  to  the  presence  of 
the  jelly,  whose  average  volume  (from  15  cells)  in  one  batch  of  freshly 
shed  eggs  was  1,123,000  n  :!  per  egg,  the  eggs  packed  by  gravity  alone 
would  occupy  a  volume  equal  to  9.9  times  that  of  the  eggs  alone  if  the 
jelly  envelope  were  to  act  as  a  rigid  sphere.  This  ratio  would  be  still 
higher  (14.2  times)  if  we  were  to  consider  eggs  which  were  taken  after 
they  had  been  allowed  to  remain  in  sea  water  for  several  hours,  and 
whose  jelly  had  consequently  swollen  to  some  degree. 

Observations  on  the  Jelly 

Before  they  were  counted,  most  of  the  eggs  had  large  jelly  envelopes; 
about  5  per  cent  had  small  coats  of  jelly.  When  centrifuged  lightly  (20 
X  gravity)  in  a  test  tube  for  one  minute  (to  precipitate  the  eggs)  the 
cells  lose  some  of  the  outer  looser  layer  of  the  jelly  shell.  In  most  of  the 
batches  of  eggs  used,  even  before  handling,  about  10  per  cent  of  the 
eggs  had  little  or  no  jelly.  After  pouring  one  batch  of  eggs  back  and 
forth  between  two  tumblers,  about  nine  times,  about  50  per  cent  of  the 
cells  lost  their  jelly.  Before  sample  drops  were  taken  for  counting,  the 
eggs  were  thoroughly  stirred  in  the  tall  Stender  dish  into  which  they 
had  been  poured  originally.  After  about  ten  repeated  resuspensions 
occasioned  by  withdrawal  of  samples  for  counting,  about  50  per  cent  of 
the  eggs  were  observed  to  have  little  or  no  jelly,  and  from  the  remainder 
the  jelly  was  mostly  sloughed  off.  The  gradual  reduction  of  the  jelly 
envelope  could  be  observed  by  examination  of  samples  of  the  suspen- 
sions, between  counts,  in  Chinese  ink.  To  determine  the  amount  of 
swelling  which  the  jelly  undergoes,  the  diameters  of  eggs  and  of  jelly  of 
cells  freshly  placed  in  a  suspension  of  Chinese  ink  in  sea  water  at 
8:33  P.M.  (urchin  opened  at  8:27  and  eggs  placed  in  dry  Syracuse 
watch  glass)  were  measured  (8:35  8:44  P.M.).  The  average  volume  of 
the  jelly  of  15  cells  was  1, 123,400  ju8  per  cell.  The  same  cells  were 
measured  again  about  two  hours  later  (10:45-11:00  P.M.),  and  the 
average  volume  of  the  jelly  was  found  to  be  1 ,690,000  /j.  :t,  or  an  increase, 
due  to  swelling,  of  about  50  per  cent.  When  considered  individually, 
the  jelly  of  each  cell,  without  exception,  displayed  the  increase. 

In  centrifuging  in  dilute  suspensions  in  wide  tubes,  and  in  an 
isosmotic  and  isopycnotic  medium,  the  jelly  is  drawn  over  toward  tilt- 
centripetal  end  of  the  egg.  When  a  column  of  eggs  packed  in  a  capil- 
lary tube  was  examined  after  centrifuging,  the  centripetal  end  of  the 
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column  frequently  showed  a  transparent  region  of  varying  length 
(1-1.5  mm.) ;  this  was  taken  to  be  jelly  which  had  found  its  way  to  that 
region  of  the  tube  under  the  influence  of  centripetal  force. 

Comparison  of  Ilemacytometers 

Since  the  hemacytometer  is  an  instrument  originally  designed  for 
use  with  much  smaller  cells  than  Arbacia  eggs  and  since,  further,  the 
diameter  of  the  egg  with  its  jelly  usually  greatly  exceeds  the  depth  of 
the  Q.l-mm.  slide,  it  was  desirable  to  compare  the  latter  instrument 
with  one  of  twice  its  depth  (0.2  mm.)  and  hence  larger  than  the  dimen- 
sions of  the  extracellular  structures.  For  estimating  the  concentra- 
tion of  suspensions  with  hemacytometers,  each  batch  of  eggs  was 
divided  into  three  lots  of  the  same  concentration:  A,  for  counting  with 
hemacytometer  of  0.1-mm.  depth,  B,  for  counting  with  0.2-mm.  hema- 
cytometer, C,  for  centrifuging  without  having  been  subjected  to  pre- 
liminary counting,  which  entailed  removal  of  the  jelly  in  various  degrees. 
As  a  matter  of  routine,  some  eggs  were  inseminated  to  determine  their 
fertilizability.  Only  batches  with  a  high  percentage  of  fertilization 
(95  or  more)  were  used.  To  remove  large  particles,  the  eggs  were 
passed  before  counting  and  centrifuging  through  bolting  silk,  the  size  of 
whose  mesh  was  approximately  175  /u  on  a  side.  In  consequence  of  this 
treatment,  about  10  per  cent  of  the  eggs  were  observed  to  have  their 
jelly  much  reduced,  or  absent.  The  hemacytometers  and  cover  slips 
were  cleaned  and  dried  thoroughly  before  each  count  was  made. 
Before  each  sample  was  taken,  the  eggs  wrere  suspended  uniformly,  the 
suspension  taken  up  quickly  in  a  pipette,  with  the  coverslip  held  in 
readiness  by  a  pair  of  forceps,  and  a  sample  drop  placed  rapidly  over  the 
rulings,  and  the  cover  slid  on  immediately.  The  procedure  usually 
resulted  in  a  fairly  even  distribution  of  the  cells.  Care  was  taken  to 
avoid  irregularity  in  distribution  of  eggs  in  the  hemacytometer.  Only 
those  drops  were  counted  wherein  the  eggs  appeared  uniformly  dis- 
tributed after  the  cover  glass  was  placed  on  the  counting  chamber. 
Counts  on  Lot  A  were  made  alternately  with  counts  on  Lot  B.  The 
0.1  hemacytometer  was  ruled  so  as  to  contain  four  large  squares  (each 
1  mm.2)  and  the  0.2  instrument  was  ruled  into  16  squares  (1  mm.2), 
hence  more  sample  drops  were  counted,  as  a  rule,  with  the  shallower 
instrument.  After  counts  were  made  by  the  above  procedure,  the 
concentration  of  Lot  A  was  measured  with  the  0.2-mm.  chamber,  and 
commutatively,  the  0.1-mm.  chamber  was  used  for  Lot  B.  These 
latter  measurements  were  fewer  in  number  than  those  of  the  main  series. 
The  results,  which  are  given  in  Table  I,  show  for  most  counts,  ap- 
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proximately  a  12  per  cent  increase  in  the  concentration  when  measured 
by  the  deeper  slide.  This  is  attributed  to  the  influence  of  the  jelly,  and 
the  action  of  the  coverslip  in  tending  to  "squeeze  out"  eggs  when 
placed  over  the  drop  on  the  shallower  trough.  In  comparison  with  the 
centrifuge  determinations,  to  be  described  presently,  the  results  with 
hemacytometers  were  not  found  to  be  as  reproducible.  Averaging 
hemacytometer  counts  yielded  a  fair  approximation  to  reproducible 
figures. 

TABLE  I 

Comparison  of  concentration  of  egg  suspensions  as  estimated  by  shallow  hema- 
cytometer (0.1  mm.)  and  by  deeper  hemacytometer  (0.2  mm.). 


01 

"a 

Lot  .4 

aj 
"a 

Lot  B 

Differ- 

U 

"a 

Count 
of 

V 

"5. 

Count 
of 

Differ- 

^ o, 

0.1  hcyt. 

-  a 

0.2  hcyt. 

ence 

£   c/i 

£  c. 

Lot  A 

"•*    ^ 

Lot  B 

ence 

Date 

$  0 

eggs  per 

ff 

3  o 

eggs  per 

in 
per  cent 

r—? 

C 

with 

07 

-/  o 

with 
01 

in 
per  cent 

Z 

(rift 

Z 

CC* 

B/A 

1 

.  £ 

hcyt. 

1 

.  t 
hcyt. 

A  IB 

August  25  .... 

9 

205,000 

5 

220,200 

29  

9 

391,500 

6 

394,600 

+  0.8 

1 

343,500 

2 

306,000 

+  12.2 

30  .... 

11 

192,000 

5 

231,500 

+  20.6 

2 

192,300 

2 

200,000 

-  3.8 

September    3  . 

6 

167,400 

3 

189,500 

+  13.2 

2 

251.800 

1 

158,000 

+59.4 

6. 

9 

237,000 

3 

265,200 

+  11.9 

1 

286,500 

3 

260,000 

+  10.2 

10. 

6 

179,000 

3 

201,000 

+  12.3 

2 

251,000 

4 

210,300 

+  19.3 

19. 

10 

178,500 

6 

174,400 

-2.35 

Centrifuge  Tubes  and  Centrifuges 

Centrifuge  tubes  of  the  type  diagrammed  in  Fig.  2,  with  a  capillary 
length  which  varied  from  6  to  7  cm.,  were  used.  The  tubes  were 
sealed  off  at  one  end,  to  avoid  possible  loss  of  a  slight  amount  of  fluid 
at  high  centrifugal  forces,  as  may  occur  in  the  use  of  tubes  of  conven- 
tional hematocrit  design,  with  open  ends.  Inasmuch  as  sealing  the 
tubes  at  one  end  in  this  way  entails  the  formation  of  a  meniscus,  the 
closed  portion  of  the  capillary  was  blown  out  very  slightly  in  an  attempt 
to  compensate.  The  error  involved  is  about  0.5  mm.,  and  in  a  column 
of  6  cm.  this  is  a  volumetric  error  of  only  a  fraction  of  1  per  cent. 
Krueger  (1930)  placed  a  small  drop  of  mercury  in  the  bottom  of  the 
tube  to  secure  a  more  nearly  plane  column  end  of  cells.  Hastings 
(1921)  described  the  use  of  a  graduated  thermometer  capillary  as  a 
hematocrit,  designed  by  E.  L.  Scott.  Ungraduated  capillary  tubes  of 
bore  0.8  mm.  and  1.6  mm.  were  used  in  the  present  experiments,  and 
gave  comparable  results  at  2, 700  and  7,700  X  gravity.  The  capillaries 
were  calibrated  for  volume  per  unit  length  by  filling  with  mercury  to 
various  lengths,  and  weighing  precisely. 
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The  cells  were  mixed  and  suspended  by  gentle  agitation.  A 
measured  sample  was  pipetted  up,  and  the  suspension  of  cells  allowed 
to  flow  quickly  from  the  pipette  (to  avoid  settling)  into  the  wide  tubing 
spliced  to  the  capillary.  It  is  not  necessary  initially  to  fill  the  capillary 
before  centrifuging  for  the  air  is  displaced  by  the  suspension  during 
centrifuging,  and  the  cells  and  the  liquid  fill  the  capillary  in  a  con- 
tinuous column.  The  capillary  can  be  cleaned  out  easily  by  inserting 
into  it  a  capillary  pipette  attached  to  a  tap  water  suction  pump,  and 
immersing  the  mouth  of  the  tube  under  water. 

The  length  of  the  column  was  measured  by  placing  the  tube  on  a 
mirror  (to  avoid  parallax)  parallel  to  a  steel  rule  graduated  into  milli- 
meters. In  this  way  the  length  of  the  column  could  be  estimated  to 
about  0.2  mm.  The  agreement  between  duplicate  determinations  of 
total  egg  volume  by  centrifuging  was  good,  and,  in  the  writer's  hands, 
the  centrifuge  gave  less  variable  results  than  the  hemacytometer.  The 
chief  variable  in  readings  of  this  nature  seems  to  arise  from  the  inhomo- 
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FIG.  2.  Diagram  of  -centrifuge  tube,  to  show  capillary  and  cup  for  receiving 
cell  suspension.  Used  for  centrifuging  at  2,700  times  gravity. 

geneity  in  the  distribution  of  the  eggs  in  the  suspension  from  which 
samples  are  pipetted.  Seventeen  duplicate  determinations  of  volume 
by  centrifuging  at  2,700  X  gravity  showed  an  average  agreement  of  2.4 
per  cent,  which  was  much  better  than  duplicate  determinations  by 
successive  hemacytometer  counts.  The  centrifuge  used  was  a  type 
generally  available  (International,  size  2,  head  325);  the  centrifugal 
force  attainable  with  this  machine  was  2,700  X  gravity,  and  large  tubes 
of  any  size  could  be  accomodated.  The  centrifuge  method  may  be 
used  in  two  ways:  (a)  for  ultimate  packing;  or  (b)  where  a  high  speed 
centrifuge  allowing  nearly  complete  packing  is  not  available,  the  intro- 
duction of  a  conversion  factor,  when  the  relative  centrifugal  force  and 
duration  of  centrifuging  are  maintained  constant. 

General  Effects  of  Centrifuging  Cells 

The  first  run  was  made  on  material  whose  measurements  are  given 
in  Fig.  3.  It  is  clear  that  for  any  given  mass  of  cells  the  degree  of 
packing  of  the  cells  depends  upon  two  variables,  viz.,  the  duration  of 
centrifuging,  and  the  centrifugal  force.  Each  of  the  component  curves 
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becomes  asymptotic  to  a  given  capillary  volume  at  a  particular  centrif- 
ugal force.  In  this  sense,  perhaps,  constant  volumes  are  not  obtained, 
but  if  centrifuged  long  enough,  the  volume  is  constant  within  the  errors 
of  measurement.  At  an  early  stage  of  packing,  it  is  relatively  easy,  at 
low  centrifugal  forces,  to  compress  the  egg  suspension  to  a  smaller 
volume.  At  any  specified  centrifugal  force  a  final  degree  of  packing  of 
cells  is  attained  after  a  minimum  amount  of  centrifuging.  In  this 
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duration   of  centrifuging    (minutes) 

I' Hi.  3.  Effect  of  duration  of  centrifuging,  and  centrifugal  force  on  the  volume 
occupied  by  a  suspension  of  cells  in  a  capillary.  All  the  data  were  obtained  from  a 
single  suspension  of  cells  centrifuged  in  the  same  tube.  The  volumes  were  measured 
at  various  times  after  starting  the  centrifuge,  and  when  an  approximately  constant 
value  had  been  attained,  the  centrifugal  loive  uas  raised.  At  any  given  centrifugal 
force  the  volume  decreases  rapidly  at  first  and  then  approaches  asymptotically  a 
constant  value.  The  dot-dash  line  near  the  bottom  of  Figs.  3  and  4  represents  in 
each  case  the  "true  volume"  as  determined  from  hemacytometer  measurements. 
It  is  to  be  emphasized  that  these  curves  were  not  intended  to  be  used  as  a  basis  for 
standard  conversion  factors  at  centrifugal  forces  lower  than  2,700  times  gravity; 
they  are  presented  largely  to  represent  the  nature  of  the  changes  which  occur. 
Figs.  3,  4,  and  5  were  drawn  from  the  same  set  of  data. 

particular  run,  the  total  "centrifuge  volume"  of  eggs  contained  in  1  cc. 
of  suspension  (0.0559  cc.),  as  estimated  from  the  volume  of  the  capillary 
occupied  by  the  packed  eggs,  was  about  10.6  per  cent  higher  than  that 
computed  from  the  hemacytometer  (0.0506  cc.).  The  ratio  ot  1.8  to  1 
of  cell  volume  by  centrifuge  and  hemacytometer,  reported  by  Gerard 
and  Rubinstein  (1934),  is  understandable  when  it  is  noted  that  low 
centrifugal  forces  (400  and  750  times  gravity)  were  used,  and  relatively 
short  periods  of  centrifuging  (1  to  10  minutes).  The  further  analysis  of 
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FIG.  4.     Relation  between  centrifugal  force  and  final  (asymptotic)  value. 

this  set  of  data  is  given  in  the  remaining  figures.  In  Fig.  4,  the  asymp- 
totic values  are  plotted  for  each  centrifugal  force,  and  from  Fig.  5  it 
appears  that  for  progressively  equal  decrements  of  the  excess  volume, 
as  read  from  the  capillary  length,  it  was  required  to  increase  the  centrif- 
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FIG.  5.     To  show  the  nature  of  the  dependence  of  the  asymptotic  volume  oc- 
cupied by  Arbacia  eggs  in  a  capillary,  upon  centrifugal  force  (C.  F.). 

ugal  force,  not  in  equally  proportional  increments,  but  rather  in  cubes 
of   these   increments.     The   expression    for    this    rectilinear    relation, 

P  --      -  3.68  (C.F.)1'3  +  160, 

where  P  is  the  percentage  of  the  true  volume,  and  (C.F.)  is  the  centrif- 
ugal force  (relative  to  gravity),  holds  with  good  approximation  for  this 
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TABLE  II 

Comparison  of  total  volume  of  unfertilized  eggs  as  determined  by  hemacytom- 
eters,  and  by  centrifuging  in  capillary  tubes  at  2,700  X  gravity  for  20  minutes. 
Below,  data  on  fertilized  eggs,  using  volume  of  unfertilized  eggs  as  basis  of  comparison. 


Date 

Volume  by 
hemaeytometers 

Volume  by  centrifuge 
(2,700  X  K) 

Difference 

August  25 

cc. 

.0766 

cc. 

0816 

per  cent 
+  65 

29  

.0506 
.0880 

.0537 

0787 

+  6.2 

-10.5 

30   

.0440 
.0440 
.0880 
.0880 
.0434 

.0416 
.0404 

.0752 
.0744 
0424 

-  5.5 
-  8.1 
-14.6 
-15.5 
•  2.4 

September  3  

.0434 
.0656 

.0434 

.0371 

.0452 
.0647 
.0436 

0457 

+  4.1 
1.4 
+  0.6 

+  23.2 

6   

.0742 
.0742 
.1068 

.0906 
.0925 
1242 

+  22.1 

+  24.5 
+  16.3 

10  

.0534 
.03204 
.1068 
.1317 

.0624 

.03687 
.1238 
1289 

+  16.9 

+  15.1 
+  16.0 

-  2.1 

19  

.03512 
.0715 

.0373 
0612 

+  6.2 

-14.4 

* 

.1072 
.1072 
.0867 

.0940 
.09514 
0940 

-12.3 
-11.3 
+  8.4 

* 

.0578 

0612 

+  6.0 

* 

.0867 

095  1  4 

+  9.8 

*20  ... 

.10632 

1042 

-  2.0 

* 

.0709 

0680 

4.0 

* 

.10632 

1028 

-  3.4 

* 

.1122 

1204 

+  7.3 

* 

.1122 

1185 

+  5.6 

Fertilized 

Eggs 

August  29  

.088 

.0763 

-13.3 

30  

.088 
.0651 

.0794 
.0739 

-  9.7 

+  13.7 

September  3 

.03902 

.04836 

+  23.8 

.07804 

.  1  000 

+  28.2 

*  Volume  determined  in  these  cases  by  dilution  method,  not  hemacytometer. 
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series  of  measurements,  and  affords  a  satisfactory  conception  of  the 
nature  of  the  dependence  of  the  "centrifuge  volume"  upon  the  centrif- 
ugal force.  For  P  -  100,  i.e.,  the  volume  by  centrifuge  is  equal  to  the 
true  volume  (or  that  calculated  by  hemacytometer),  a  centrifugal  force 
of  4,330  X  gravity  is  necessary,  as  calculated  from  this  empirical 
formula,  assuming  that  a  linear  extrapolation  can  be  made.  For  other 
sets  of  data,  the  curve  as  a  whole  would  be  shifted  slightly  to  the  left  or 
to  the  right,  and  the  extrapolated  value  would  change  accordingly. 

Results:  Agreement  between  Hemacytometer  and  Centrifuge  Volumes 

In  Table  II,  where  the  data  comparing  centrifuge  and  hemacytom- 
eter volumes  are  summarized,  a  minus  sign  before  the  differences 
indicates  that  the  volume  as  estimated  by  centrifuge  at  the  givencentrif- 
ugal  force  was  less  than  that  as  measured  by  hemacytometer,  by  the 
given  percentage;  and  conversely,  the  plus  signs  indicate  a  greater 
volume  by  centrifuge  as  compared  to  hemacytometer.  The  values 
obtained  from  the  two  hemacytometers  were  averaged,  and  used  as  a 
standard  basis  for  comparison  with  the  volumes  obtained  by  centrifug- 
ing.  A  negative  value  in  the  comparison  of  centrifuge  with  slide  would 
seem  to  indicate  that  the  slide  estimate  was  too  high,  or  may  arise  from 
differences  in  sampling  due  to  inhomogeneity.  The  values  in  the  table 
may  be  summarized  by  noting  that  of  29  determinations  at  2,700  X 
gravity,  15  showed  an  average  of  12  per  cent  greater  volume  than  that 
estimated  by  hemacytometer,  and  14  showed  an  average  of  7.7  per  cent 
less  than  that  evaluated  by  the  hemacytometers.  Thus  the  two 
methods  (hemacytometer,  0.1  and  0.2  mm.  depths,  and  centrifuging  at 
2,700  X  gravity  for  20  minutes)  agreed  to  within  approximately  10  per 
cent,  which  may  be  taken  as  an  average  for  all  the  experiments.  A  few 
experiments  on  fertilized  eggs  are  also  included  in  the  table. 

It  would  seem  that  the  jelly  of  the  Arbacia  egg  (which,  as  in  these 
experiments,  has  been  exposed  to  sea  water  for  approximately  one  to 
three  hours)  is  easily  displaced  or  squeezed  out  by  the  eggs  in  centrifug- 
ing, and  hence  does  not  exert  a  significant  effect  in  these  experiments, 
for  wherever  comparisons  of  Lots  A,  B,  and  C  were  made,  where  there 
was  no  partial  reduction  of  jelly  in  C  since  it  was  not  mixed  and  re- 
suspended  repeatedly  for  counting,  the  measurements  of  volume  by 
centrifuging  resulting  from  use  of  portions  from  each  of  the  lots  were 
identical  within  experimental  error. 

Dilution  Method 

By  the  use  of  a  procedure  suggested  by  Dr.  A.  K.  Parpart,  a  check 
on  the  two  methods  described  above  was  made  by  an  independent 
dilution  method.  Small  portions  of  egg  suspension  were  diluted  to 
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varying  degrees  in  large  volumes  of  sea  water,  placed  in  glass-stoppered 
bottles,  and  inverted  several  times  to  suspend  the  eggs  uniformly. 
Then  a  capillary  tube,  slightly  larger  than  1  mm.  in  bore,  and  marked 
off  at  a  length  of  about  ()  cm.  (total  volume  to  mark,  0.168  cc.)  was 
quickly  immersed  and  withdrawn,  and  the  total  number  of  eggs  con- 
tained in  the  capillary  counted  directly  by  examination  with  a  binocular 
dissecting  microscope.  Knowing  the  dilution  and  the  number  of  cells 
in  the  capillary,  the  original  number  of  cells  in  the  concentrated  sample 
could  be  calculated.  A  protocol  of  some  results  obtained  by  this 
method,'  which  was  not  studied  as  thoroughly  as  the  hemacytometer 
method,  is  given  below.  The  egg  concentration  estimated  by  this 
dilution  method  gave  figures  about  15  per  cent  lower  than  t host- 
estimated  by  the  hemacytometer. 


No. 

samples 
counted 

Av.  concentration 
by  hcytr. 

Dilution 
method 

No.  I-KUS 
PIT  cc. 

Centr. 

tube 

Centr.  vol. 

Centr.  vol. 

Hcyt.  vol. 

Dilution  vol. 

10 

1  76,500  celis/cc. 

See.  :  140 
5  cc.  :  500 
5cc.  :  1,000 

141,520 
148,570 
138,700 

B 

D 
C 

.06115 

•°6115      lOfi- 

.07148- 
•0940 

.0578-106/0 
•0940 

.1072-8/'7/0 
•09514 

.0867  ~         [  /0 
•°9514     1093" 

.1072  ' 

.0867  -          l  /0 

In  another  series  of  determinations,  the  dilution  and  centrifuge 
methods  only  were  compared,  and  gave  very  good  agreement.  The 
data  are  given  below ;  all  figures  were  obtained  from  measurements  on  a 
single  suspension. 

Comparison  of  Dilution  and  Centrifuge  Method 


No. 
counted 

Dilution 

Average 
concentration 

Tube 

Centrif.  vol. 

i  lilul  ion  \  -1 

4 
8 
6 

7 

2  cc. 
2  cc. 
2  cc. 
6  cc. 

:  140     cc.  s.\v. 
:  500       "      " 
:     1,000"       " 
:  1,000   "      " 

185,000  cells/cc. 
184,700     "      " 
167,400     "      " 
177,700     "      " 

B 
C 

D 

.<)(>« 

...70" 
•1042     098 

.1063- 
•1028     097 

.1063  ~ 
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Data  on  the  Absolute  Respiratory  Rate  of  Unfertilized  Arbacia  Eggs 

It  may  be  of  interest  to  note  that  measurements  of  the  respiration 
(9/20/34)  of  eggs  taken  from  urchins  kept  in  laboratory  aquaria  for  a 
period  of  about  four  weeks,  with  Warburg  manometers,  at  25.9°  C., 
showed  a  Qo2  (cu.  mm.  oxygen  per  10  cu.  mm.  eggs  per  hour)  of  1.03 
for  unfertilized  eggs,  and  3.04  for  fertilized  eggs  (average  of  three 
determinations  of  each) .  The  absolute  volume  of  eggs  was  determined 
by  combining  the  values  obtained  by  centrifuge  and  dilution  methods. 
Reduced  to  2 1  °  C.  by  applying  a  Qi0  of  4. 1  for  unfertilized  eggs  (Rubin- 
stein and  Gerard,  1934),  the  Qo2  becomes  at  that  temperature  0.52. 
More  representative  is  the  average  of  a  series  of  measurements  carried 
out  from  July  to  September,  1934,  with  Warburg  and  Fenn  respirome- 
ters,  at  25.9°  C.,  and  using  the  hemacytometer  method  for  estimating 
egg  volume  (reported  in  detail  elsewhere:  Shapiro  (1935)).  The  Qo2 
for  unfertilized  eggs  was  1.5.  When  reduced  to  21°  C.  this  value 
becomes  0.75. 

Development  of  Eggs  after  Centrifugal  Compression  in  a  Capillary 

After  centrifuging,  unfertilized  eggs  were  removed  from  the 
capillary  and  examined  microscopically.  They  were  found  to  be  well 
stratified  in  the  usual  manner,  drawn  out  into  cylinders,  with  corners 
somewhat  truncated,  a  configuration  lending  itself  to  more  intimate 
packing  of  the  cells.  One  batch  of  cells  which  had  been  centrifuged  20 
minutes  at  2,700  X  gravity  was  left  in  the  capillary  24  minutes  in  the 
packed  condition,  and  then  removed  and  inseminated.  They  retained 
their  elongated  form  after  fertilization,  and  proceeded  to  cleave  and 
develop.  The  pigment  remained  at  one  pole  of  the  cell.  This  was 
demonstrable  repeatedly  and  indicates  that  cells  can  easily  survive 
these  experimentally  induced  conditions.  The  toughness  of  the 
fertilization  membrane  prevents  eggs  from  elongating,  when  centri- 
fuged after  insemination.  The  fertilized  eggs,  after  packing,  were 
poorly  stratified  and  in  some  cases  practically  unstratified,  and 
polygonal  in  outline,  and  retained  the  fertilization  membrane,  which 
usually  enveloped  the  cell  closely.  They  tended  to  resume  the 
spherical  configuration  when  replaced  in  sea  water  after  centrifuging. 
On  several  occasions  it  was  found  that  cells  fertilized  and  then  packed 
in  a  capillary  by  centrifuging  at  7,700  X  gravity  for  20  minutes  would 
upon  removal  from  the  tube  proceed  to  develop  as  far  as  free-swimming 
plutei.  Whether  water  is  actually  abstracted  from  the  cell  as  a  result 
of  centrifugal  compression,  is  an  open  question.  R.  S.  Lillie  has  ob- 
served (1918)  that  fertilized  cells,  which  have  shrunken  in  hypertonic 
sea  water  faster  than  resting  egg  cells,  appear  denser  than  unfertilized 
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eggs  exposed  for  the  same  period  of  time  in  that  they  sink  faster  to  the 
bottom  of  the  container. 

Related  Experiments  at  Higher  Centrifugal  Force 

Numerous  experiments  were  made  on  living  eggs  swollen  and 
shrunken,  and  dead  cells  of  various  volumes  fixed  in  formalin  and 
centrifuged  at  7,700  X  gravity  to  determine  volume.  The  technique 
involved  the  use  of  large  volumes  of  fluids  and  subsequent  decantation 
of  the  supernatant  fluid,  following  light  centrifuging,  in  order  to  get  the 
cells  into  the  small  tubes  used,  which  entailed  their  addition  in  several 
small  portions,  with  centrifuging  between  additions.  This  procedure 
was  necessary  because  of  the  short  length  of  the  slots  in  the  high  speed 
centrifuge  head,  and  the  use  of  a  long  capillary  column  led  to  the 
sacrifice  of  the  wide  tube  at  the  upper  end,  which  might  receive  all  the 
cells  at  once.  The  cells  were  added  in  small  quantities,  and  the  super- 
natant fluid  removed  after  each  preliminary  centrifuging  to  make  way 
for  the  rest  of  the  cells.  A  slight  (but  indeterminate)  loss  of  cells 
occurred  owing  to  the  adhesion  of  some  of  the  material  to  the  walls  of 
the  large  test  tubes  in  which  they  were  kept  during  swelling  or  shrink- 
ing. Thus  it  was  difficult  for  these  reasons  to  demonstrate  the  ade- 
quacy of  the  centrifuge  method  for  such  cells.  Data  for  normal, 
living  unfertilized  and  fertilized  eggs  centrifuged  for  20  minutes  at 
7,700  X  gravity  were  also  obtained,  and  may  be  summarized  by  stating 
that  of  15  determinations,  6  showed  an  average  volume  10.6  per  cent 
less  and  9  an  average  volume  12.8  per  cent  greater  than  that  estimated 
by  hemacytometers.  It  is  of  interest  to  add  that  when  eggs  are  placed 
in  successive  small  lots  in  these  small  tubes,  they  appear  rhythmically 
stratified,  i.e.  each  lot  shows  a  light  brown  layer  at  the  centripetal  end. 

SUMMARY 

<  tbservations  of  the  aggregate  volume  of  Arbacia  eggs,  when  centri- 
fuged in  capillary  tubes,  as  a  function  of  centrifugal  force,  and  of  dura- 
tion of  centrifuging  were  made.  Data  on  the  comparisons  of  such 
total  cell  volume  contained  in  suspensions  of  Arbacia  eggs  as  evaluated 
by  three  methods  (counting  in  hemacytometers,  centrifuging  at  2,7(M) 
and  7,700  X  gravity,  and  direct  counts  of  diluted  suspensions)  are  given. 
It  is  submitted  that  the  centrifuge  method  is  reliable,  to  within  ap- 
proximately 1  0  per  cent,  for  estimation  of  the  total  volume  of  cells  in  a 
suspension  of  unfertilized  eggs  of  Arbacia  punctulata  in  sea  water 
provided  that  it  be  used  with  the  necessary  force  and  duration  for 
sufficient  packing  of  the  cells. 

Cells  so  centrifuged  are  in  the  living  state,  and  remain  viable,  for 
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upon  removal  from  the  capillary,  they  will  proceed  to  cleave  and  to 
undergo  considerable  embryological  development. 
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AN  ANALYSIS  OF  THE  ACTION  OF  LITHIUM  ON 
SEA  URCHIN  DEVELOPMENT 

JOHN  RUNNSTROM1 
(From  the  Marine  Biological  Laboratory,  Woods  Hole,  Mass.) 

The  fact  that  lithium  added  to  sea  water  profoundly  modifies  the 
sea  urchin  development  was  discovered  by  Herbst  (1892,  1893,  1895). 
The  most  important  change  involved  is  the  enlargement  of  the  entomeso- 
derm  at  the  expense  of  the  ectoderm.  It  is  important  to  stress  that  this 
shift  in  the  relative  amounts  of  ectoderm  and  entoderm  is  not  occa- 
sioned by  any  destruction  or  throwing  off  of  ectoderm  material  during 
the  early  development  but  by  some  kind  of  a  change  in  the  determination 
of  the  egg.  This  would  mean  that  the  potentialities  for  producing  ecto- 
and  entoderm  are  so  affected  by  lithium  as  to  favor  those  which  are 
concerned  in  the  production  of  entoderm.  While  Herbst  (1893)  and 
Spek  (1918)  in  their  interpretation  of  the  "lithium"  development  di- 
rected their  main  attention  towards  the  vegetative  part.  MacArthur 
(1924)  and  Runnstrom  (1928,  1929,  1933)  have  emphasized  the  effect 
of  lithium  on  the  animal  part  of  the  larva.  All  our  experimental  evi- 
dence indicates  that  the  susceptibility  to  the  action  of  lithium  is  highest 
at  the  animal  pole  and  decreases  gradually. 

The  writer  (1929,  1933)  has  developed  the  conception  that  in  the 
sea  urchin  egg,  there  exist  two  opposite  gradient  systems,  one  preponder- 
ating at  the  animal,  the  other  at  the  vegetative  pole,  as  illustrated  dia- 
grammatically  in  Fig.  1.  According  to  this  hypothesis,  the  determina- 
tion along  the  egg  axis  would  depend  upon  the  balancing  effect  between 
the  animal  and  the  vegetative  gradient  system.  The  lithium  type  of 
development  would  therefore  be  due  to  a  shift  in  the  normal  balance,  as 
illustrated  by  Diagram  B  in  the  figure.  The  animal  gradient  system 
weakens  and  the  vegetative  gradient  system  gains  the  ascendancy.  The 
ring  of  skeleton-forming  mesenchyme  cells  appears  further  towards 
the  animal  pole  and  the  boundary  between  ectoderm  and  endoderm 
moves  closer  to  the  animal  pole  of  the  egg.  In  extreme  cases  this  con- 
dition may  be  carried  to  the  extent  that  the  entire  embryo  is  transformed 
into  entomesoderm. 

Under  other  conditions  the  opposite  effect  is  known  to  occur.  For 
example,  by  exposing  the  eggs  to  certain  agents,  the  vegetative  gradient 
system  weakens  in  comparison  to  the  animal  gradient  system,  cf.  Dia- 

1  Fellow,  Rockefeller  Foundation,  1933-34. 
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gram  C  in  the  figure.     As  a  consequence  of  the  resulting  unbalance,  the 
animal  region  becomes  increased  (Herbst,  1904;  Lindahl,  1933). 

The  theory  briefly  given  here  is  substantiated  also  by  numerous  isola- 
tion and  transplantation  experiments  carried  out  by  Horstadius  (1935). 
Only  one  of  these  experiments  may  be  mentioned.  In  the  64-cell  stage 
Horstadius  isolated  that  one  of  the  two  cell  rings,  originating  by  the 
division  of  the  macromeres,  which  lies  at  the  more  vegetative  end.  This 
cellular  material  in  normal  development  gives  rise  to  entoderm  only. 
The  isolated  ring  developed  into  a  larva  with  both  entoderm  and  ecto- 
derm. Evidently  by  a  regulative  process,  an  almost  normal  balance  had 
become  established  in  the  isolated  cell  ring.  By  implantation  into  this 
cell  ring  of  one,  two,  or  four  macromeres  (the  most  vegetative 'material), 
this  balance  was  disturbed  and  larvae  developed  which  most  strikingly 
resembled  lithium-treated  larvse.  Hence  an  increase  in  amount  of 
micromere  material  produced  the  same  effect  as  an  increase  in  lithium 
concentration. 


FIG.  1.     Diagrammatic  representation  of  the  gradient  systems  in  the  sea-urchin  egg. 

The  mode  of  action  of  lithium  has  been  assumed  by  Spek  (1918) 
to  be  a  precipitating  and  swelling  effect  on  the  surface  of  the  vegetative 
cells.  This,  according  to  Spek,  would  account  for  the  "  exogastrula- 
tion  "  which  is  one  of  the  most  characteristic  effects  of  treatment  with 
stronger  concentrations  of  lithium.  Runnstrom  believes,  on  the  other 
hand,  that  such  a  surface  effect  is  secondary  to  a  more  important  in- 
ternal effect  and  he  has  experimental  evidence  to  show  that  lithium 
penetrates  the  cells.  With  dark  ground  illumination  the  internal  struc- 
ture of  the  cells  of  the  "  lithium  "  larva  has  a  coarsened  appearance. 
He  assumes  that  some  action  of  the  lithium  which  is  related  to  this- 
structural  change  has  an  effect  on  the  determination  and  differentiation 
of  the  animal  pole  greater  than  on  the  vegetative  pole. 

Runnstrom  (1933)  found  that  lithium,  in  concentrations  which  in 
themselves  are  too  low  to  affect  development,  can  be  made  very  active 
if  the  eggs,  during  exposure,  are  kept  in  an  atmosphere  of  carbon 
monoxide  containing  5  per  cent  oxygen.  This  effect  of  carbon  monox- 
ide is  abolished  in  strong  light.  The  same,  as  is  well  known,  holds  true 
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from  Warburg's  work  (1932)  on  the  effect  of  carbon  monoxide  on 
respiration.  This  evidence,  that  the-  effects  of  lithium  and  carbon 
monoxide  are  additive,  suggests  that  these  two  agencies  have  a  similar 
action  on  the  developing  egg.  In  support  of  this  is  the  finding  of 
Lindahl  (1933,  1934)  that  lithium  has  an  inhibiting  action  on  the 
aspiration  of  the  egg.  Warburg  (1915)  has  shown  that  a  steady  in- 
crease of  respiration  takes  place  during  the  early  development,  of  the 
sea  urchin  egg.  It  is  only  this  increasing  fraction  of  the  respiration 
which  is  affected  by  lithium  according  to  Lindahl.  This  fraction  has 
a  special  character  and  may  be  identical  with  the  oxidation  of  breakdown 
products  of  certain  carbohydrates  (Lindahl,  1933,  1934,  1935). 

During  my  sojourn  at  the  Marine  Biological  Laboratory  at  Woods 
Hole  during  the  summer  of  1934,  I  had  the  opportunity  of  securing 
the  assistance  of  Professor  Robert  Chambers  in  a  microdissection  study 
on  the  physical  properties  of  the  eggs  of  the  sand  dollar,  Echinarachnius 
parma,  treated  with  lithium. 

The  eggs  of  this  species  proved  to  be  extremely  sensitive  to  the 
action  of  lithium.  A  solution  of  100  cc.  sea  water  and  5  cc.  of  2.6  per 
cent  LiCl  killed  them  in  the  early  stage's  of  segmentation,  while  the 
eggs  of  Arbacia  pnnclnlala  (similar  to  the  Knropean  I)araccntrotu.< 
Hi'idus}  segment  and  develop  in  this  solution  for  more  than  twenty 
hours. 

It  was  found  that  the  sand  dollar  eg^s  will  develop  in  a  weaker 
solution,  for  example:  eggs  immediately  after  fertilixation  were  placed 
in  2  cc.  of  2.6  per  cent  LiCl  to  100  cc.  sea  water  and.  after  a  sojourn 
of  20  hours,  were-  transferred  to  normal  sea  water.  The  larvae  exhib- 
ited the  typical  'lithium"  effect,  namely,  a  retarded  development,  a 
shift  of  the  position  of  the  mesenchymc  cell  ring  and  an  enlargement 
of  the  entodermal  re-iou  followed  by  exogastrulation  and  differentiation 
of  ectoderm  and  skeleton. 

It  was  found  that  the  physical  state  of  the  cells  of  the  larvae  which 
had  been  exposed  to  lithium  in  sea  water  was  demonstrablv  different 
from  that  of  controls  developed  in  sea  water  alone.  The  blaslula-  were 
pierced  and  held  in  place  in  the  hanging  drop  (in  the  microdissecting 
chamber)  by  means  of  one  micro-needle  and  the  epithelial  wail  was 
torn  by  means  of  another  needle.  In  this  way  strands  of  the  epithelial 
cells  could  be  stretched.  The  cells  of  the  controls,  after  being  torn 
apart  and  released,  quickly  became  spherical.  On  the  contrary,  the 
cells  from  the  "  lithium  "  blast  uhe  remained  distorted  and  spindle-shaped. 
The  difference  was  striking  and  left  no  doubt  that  a  profound  change 
in  the  state  of  the  cytoplasm  had  taken  place  as  a  consequence  of  the 
action  of  the  lithium. 
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It  was  also  found  that  the  hyaline  plasma  layer  which  invests  the 
larva  is  softened  and  rendered  far  more  pliahle  when  treated  with 
lithium  than  the  layer  investing  the  untreated  larva.  This  fact  nullifies 
any  assumption  that  an  increased  resistance  to  the  swelling  of  the  blas- 
toccel  and  the  enlargement  of  the  hlastula  might  have  heen  due  to  a 
stiffened  hyaline  plasma  layer. 

A  further  observation  on  control  larvae  may  be  mentioned  in  this 
connection.  It  is  easy  to  observe,  in  the  late  blastula  or  the  early  gastrula 
stage,  that  the  hyaline  plasma  layer  presents  many  folds'  on  the  surface 
of  the  most  vegetative  part  of  the  larva.  A  microneedle  could  be  in- 
serted into  this  part  of  the  hyaline  layer.  When  the  layer  was  stretched 
the  folds  disappeared  and  a  cone-like  process  was  formed.  Evidently 
the  folds  are  formed  when  the  form  of  the  underlying  cells  changes 
preparatory  to  the  invagination  of  cells  during  gastrulation.  The  later 
fate  of  these  folded  parts  of  the  hyaline  layer  is  difficult  to  follow  but 
it  is  probable  that  an  unfolding  takes  place  when  the  entoderm  cells 
subsequently  enlarge  their  surface.  No  studies  were  made  on  the  pres- 
ence of  folds  in  the  hyaline  layer  in  lithium-treated  larvse,  but  the  fold- 
ing of  the  hyaline  layer  occasionally  was  observed  also  in  "lithium" 
larvse.  This  speaks  also  against  a  stiffening  of  the  hyaline  plasma  layer 
under  the  action  of  lithium. 

The  hyaline  plasma'  layer  can  still  be  demonstrated  even  in  the 
normal  pluteus.  A  striking  method  is  to  leave  the  larva  in  a  dish  in- 
fested with  certain  Protozoa.  These  penetrate  the  dead  larva  and 
consume  the  cellular  portion,  leaving  intact  only  the  skeleton  and  an 
investing,  fairly  soft  membrane. 

During  the  development  of  the  larva  a  considerable  growth  of  the 
hyaline  layer  must  also  take  place.  This  growth  must  be  due  to  a  secret- 
ing activity  of  the  cells  which  normally  are  kept  together  chiefly  by  the 
hyaline  layer.  Herbst  (1900)  has  discussed  the  factors  involved  in 
the  coherence  of  the  epithelial  cells  of  the  sea  urchin  larva.  He  con- 
sidered the  action  of  the  hyaline  layer  and  also  a  second  factor,  which 
according  to  Herbst  is  more  important,  and  which  keeps  the  cells  to- 
gether even  when  the  hyaline  layer  has  been  removed.  It  seems  prob- 
able, however,  that  this  second  factor  is  more  pronounced  only  in  larvae 
which  have  been  submitted  previously  to  a  treatment  with  calcium- 
free  sea  water. 

During  the  early  differentiation  of  the  sea  urchin  larva  the  change 
in  shape  of  the  cells  plays  an  important  role.  Already  in  the  blastula 
stage  a  flattening  of  the  cells  has  begun  to  take  place.  In  the  pluteus 
most  of  the  aboral  part  of  the  ectoderm  is  formed  by  a  flat  epithelium. 
The  indications  are  that  the  hyaline  plasma  layer  plays  only  a  sub- 
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ordinate  role  in  changing  the  shape  of  the  cells  during  development.  A 
retardation  in  the  flattening  of  the  blastula  cells  is  very  characteristic 
for  the  lithium  type  of  development.  The  observations  made  in  the 
course  of  this  work  do  not  favor  the  idea  that  the  retardation  is  due 
to  the  changed  qualities  of  the  hyaline  layer.  Probably  retardation  is 
caused  by  a  "  lithium  "  effect  on  the  internal  material  of  the  cells. 

The  pronounced  reaction  of  Echinarachnius  eggs  to  LiCl  in  com- 
parison with  their  reaction  to  chlorides  of  sodium  and  potassium  are 
shown  in  the  following  experiment.  Eggs,  recently  fertilized,  were 
immersed  in  solutions  of  the  three  chlorides  in  concentrations  approx- 
imately isotonic  with  sea  water.  In  a  KC1  solution  the  eggs  survived 
for  several  hours  and  underwent  cleavage.  In  XaCl  the  survival  was 
more  limited,  for,  in  the  course  of  an  hour,  a  certain  percentage  of  the 
eggs  underwent  cytolysis  and  the  rest  at  varying  times  somewhat  later. 
In  LiCl  all  the  eggs  were  destroyed  within  10-15  minutes.  The  sur- 
face of  the  egg  burst  and  a  part  of  the  contents  flowed  into  the  space 
under  the  fertilization  membrane  while  the  remainder  of  the  egg  shrank 
somewhat  into  a  clear  cytolyzed  mass  in  marked  difference  to  the  dark 
cytolized  eggs  in  NaCl. 

The  experiments  reported  in  the  preceding  pages  tend  to  show  that 
lithium  has  a  direct  influence  on  the  structure  of  the  cytoplasm.  But 
the  possibility  is  not  excluded  that  the  action  of  lithium,  in  the  range 
of  concentrations  producing  typical  "lithium  development,"  is  more  in- 
direct. This  is  rendered  probable  by  the  following  observations.  Eggs 
of  Echinarachnius  were  transferred  very  soon  after  fertilization  into 
a  solution  of  100  cc.  sea  water  containing  5  cc.  of  2.6  per  cent  LiCl  and 
into  a  similar  solution  containing  0.5  cc.  of  0.1  per  cent  pyocyanine.  In 
the  lithium-sea  water  the  eggs  were  killed  in  the  two-celled  stage  but  in 
the  lithium-sea  water  plus  pyocyanine  a  development  to  the  blastula 
stage  took  place.  In  the  control  the  development  was  normal.  This 
experiment  was  repeated  and  varied  as  to  the  lithium  concentration.  It 
was  always  found  that  the  addition  of  pyocyanine  caused  a  marked 
improvement  on  the  development  in  lithium-sea  water.  In  ;i  few  ex- 
periments it  was  also  found  that  the  addition  of  methylene  blue  some- 
what improves  the  development  in  lithium-sea  water.  From  experi- 
ments carried  out  by  Fricdheim  (1931),  it  is  well  known  that  pyocyanine 
has  a  promoting  action  on  the  respiration  of  several  kinds  of  cells. 
Runnstrom  (1935)  has  shown  that  this  is  true  also  for  the  fertilized  sea- 
urchin  egg.  It  can  thus  safely  be  inferred  that  pyocyanine  acts  by 
inducing  oxidation  processes  which  are  able  to  replace,  to  a  certain  de- 
gree, those  suppressed  by  lithium. 

Runnstrom  (  1928)  found  that  the  addition  of  KC1  to  the  lithium-sea 
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water  in  somewhat  more  than  equimolecular  concentration  to  that  of 
the  lithium  removes  the  modifying  influence  of  the  lithium  on  morpho- 
genesis. Linclahl  (1933)  showed  that  this  addition  of  KC1  also  re- 
moves the  inhibitory  action  of  lithium  on  respiration.  From  unpub- 
lished experiments  of  mine  on  Arbacia  eggs  I  have  found  that  potassium 
is  more  efficient  than  pyocyanine  on  the  restitution  process. 

From  the  facts  reported  and  discussed  above  it  follows  that  one  has 
not  only  to  consider  a  general  effect  of  lithium  on  the  physical  state  of 
structure  but  also  a  specific  effect  on  the  metabolism  of  the  sea  urchin 
egg  and  embryo.  This  specific  effect  may  possibly  be  the  primary  one. 
These  aspects  will  be  more  fully  discussed  in  a  paper  by  Lindahl  (1935). 

SUMMARY 

The  eggs  of  Echinarachnius  panna  are  very  sensitive  to  the  action 
of  lithium  added  to  sea  water. 

A  concentration  of  lithium  was  used  which  produces  the  typical 
"  lithium  development."  The  epithelial  cells  of  normal  and  of  lithium- 
treated  blastulas  were  stretched  by  microneedles  and  released.  In  nor- 
mal larvae  the  cells  round  up  after  release ;  in  the  lithium-treated  larvae 
they  remain  deformed.  The  hyaline  plasma  layer  does  not  stiffen  in 
the  lithium-sea  water  and  is  not  necessary  for  the  flattening  of  the  cells 
which  takes  place  during  the  development.  The  presence  of  folds  of  the 
hyaline  plasma  layer  at  the  vegetative  pole  in  the  late  blastula  and  the 
early  gastrula  stage  is  described. 

Pyocyanine,  added  to  the  lithium-sea  water,  counteracts  the  effect 
of  the  lithium  and  improves  development.  This  and  other  facts  indicate 
that  lithium  does  not  only  exert  an  influence  on  the  structure  of  the 
protoplasm  but  also  on  the  respiration. 

I  wish  to  express  my  sincere  thanks  to  Professor  Robert  Chambers 
for  his  generous  assistance  in  carrying  out  the  micro-dissection  work 
reported  in  this  paper  and  for  correcting  and  criticizing  the  manuscript. 
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THE   LUNGS   OF  THE   MANATEE   (TRICHECHUS 

LATIROSTRIS)    COMPARED   WITH   THOSE 

OF   OTHER   AQUATIC   MAMMALS 

GEORGE    B.    \YISLOCKI 

(From  the  Department  of  Anatomy,  Harvard  Medical  School, 
Boston,  Massachusetts] 

Iii  1929  I  reported  the  histological  structure  of  the  lungs  of  the 
porpoise  (Tursiops  truncatus)  and  discussed  the  findings  in  relation  to 
the  aquatic  mode  of  life  of  whales.  The  present  report  concerns  the 
finer  structure  of  the  lungs  of  another  aquatic  mammal,  the  manatee 
(Trichechus  latirostris],  belonging  to  the  order  of  Sirenia  or  sea  cows. 
Concerning  the  histology  of  the  sirenian  lungs,  the  only  previous 
account  is  a  description  by  Pick  (1907)  of  the  lungs  of  Halicore  dugong, 
which  omits  a  very  complete  account  of  its  finer  histology. 

The  ultimate  aim  of  these  studies  is  to  obtain  a  knowledge  of  the 
modification  of  the  respiratory  tract  in  mammals  which  have  adopted 
an  aquatic  mode  of  life.  To  date,  in  addition  to  the  observations  of 
Pick  on  the  dugong,  fuller  accounts  exist  for  certain  Cetacea,  namely, 
three  of  the  porpoises,  Delphinus  (Fiebiger,  1916,  and  Lacoste  and 
Baudrimont,  1926),  Tursiops  truncatus,  the  bottle-nosed  porpoise 
(Wislocki,  1929),  and  Phocaena  communis,  the  harbour  porpoise 
(Lacoste  and  Baudrimont,  1933).  The  present  account  of  the  lungs 
of  the  manatee  adds  the  new  world  representative  of  the  order  Sirenia 
to  the  observations  of  Pick  on  the  old  world  form,  the  dugong,  and 
makes  it  possible  to  undertake  a  wider  comparison  of  the  Sirenia  with 
the  porpoises  of  the  order  Cetacea. 

Anticipating  the  results  of  our  examination  of  Trichechus,  it  may 
be  said  that  they  resemble  rather  closely  the  account  given  for  the 
dugong  by  Pick.  Turning  to  the  Cetacea,  comparison  of  Delphinus 
and  Tursiops  (both  Delphininae)  has  shown  that  these  two  species 
agree  with  one  another  in  almost  every  detail.  On  the  other  hand, 
the  smaller  harbour  porpoise,  Phocaena,  representing  the  Phocaeninae, 
exhibits,  according  to  Lacoste  and  Baudrimont,  a  number  of  major 
differences  from  the  Delphininae.  The  latter  finding  suggests  that 
there  may  be  a  number  of  modes  of  specialization  of  the  lungs  within 
the  order  Cetacea.  Finally,  a  comparison  of  the  two  types  of  Sirenia 
(which  in  regard  to  lung  structure  show  a  close  resemblance)  with  the 
two  types  encountered  thus  far  in  the  porpoises,  should  allow  us  in  a 
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beginning  measure  to  discriminate  between  the  structural  changes 
which  are  generalized  aquatic  adaptations  and  those  which  represent 
specializations  within  the  narrower  confines  of  an  order  or  family  of 

mammals. 

MATERIAL 

The  material  on  which  the  present  description  is  based  consists 
of  the  lungs  of  an  adult  manatee,  freshly  fixed  in  tola  in  10  per  cent 
formalin.  Sections  of  the  lungs  were  studied  after  staining  with 
haematoxylin  and  eosin,  Mallory's  connective  tissue  stain,  and 
YVeigert's  resorcin  fuchsin.  The  preservation  of  the  tissues,  although 
by  no  means  perfect,  allows  a  considerable  amount  of  the  histology 
of  the  lungs  to  be  ascertained,  as  the  accompanying  photographs  of 
the  sections  illustrate. 

DESCRIPTION  OF  MATERIAL 

The  description  of  the  material  will  be  kept  as  brief  as  possible, 
the  appended  illustrations  offering  the  best  means  of  presenting  the 
findings.  No  presentation  is  deemed  necessary  of  the  naked-eye 
topography  of  the  lungs,  because  on  reading  over  Pick's  rather  com- 
plete account  of  the  gross  appearance  of  the  lungs  of  the  dugong  and 
comparing  it  with  my  specimen  of  the  manatee,  I  have  come  across 
no  salient  differences  in  anatomical  arrangement.  It  will  suffice, 
therefore,  to  present  merely  one  photograph  of  the  gross  appearance 
of  the  specimen,  namely,  a  transverse  section  or  rather  slab  of  tissue 
obtained  by  cutting  in  half  one  of  the  two  elongated,  flattened  lobes 
which  characterize  the  sirenian  lungs  (Fig.  1).  To  the  right  of  the 
figure  on  the  ventral  border  the  main  bronchus  can  be  seen  accom- 
panied by  the  pulmonary  artery  (/>.  a.}  and  vein  (v.  />.). 

EXPLANATION  OK   PLATE   I 

FIG.  1.  A  transverse  slab  of  tissue  from  the  right  lung  of  a  manatee.  Notice 
the  main  IHOIK  bus  (hr.  I)  on  the  ventral  surface.  Nearby  are  the  pulmonary  artery 
(/>.  o.)  and  vein  (/>.  ?.),  besides  a  subsidiary  bronchus  (hr.  2).  X  .34. 

FIG.  2.  A  section  of  the  slab  shown  in  the  preceding  figure  covering  about  two 
square  centimeters,  showing  the  tremendous  size  of  the  alveolar  sacs  and  the  heavy 
septa  bounding  thc'in.  <  2%. 

FIG.  3.  A  section  of  human  lung,  at  the  same  magnification  as  the  preceding 
figure,  to  show  the  tremendous  differences  between  the  two  in  size  of  air  sacs,  thick- 
ness of  the  pleura,  and  the  density  of  the  stroma  of  the  lungs.  <  2%. 

FIG.  4.  A  photograph  of  the  pleura  of  the  manatee  stained  for  elastic  tissue  to 
show:  (1)  the  outer  collagenous  layer;  (2)  the  dense  lamina  of  elastic  tissue  in  the 
middle;  and  (3)  on  the  inner  side  the  vascular  layer.  X  30.6. 

Fie..  5.  A  section  of  a  cat's  lung  for  comparison  with  the  manatee  lung  (Fig. 
2)  and  the  human  lung  (Fig.  3),  all  at  the  same  magnification.  X  2%. 

FIG.  6.  A  photograph  showing  the  configuration  of  one  of  the  large  tubular 
air  sacs  from  the  lung  periphery.  At  («)  is  indicated  the  communication  of  a  terminal 
bronchiole  wilh  the  air  sac.  X  11.22. 

FIG.  7.  A  photograph  of  a  porpoise's  lung  (Tursiops  Irxncatus)  stained  for 
elasiir  ti^.sue  for  comparison  with  a  similar  preparation  made  from  the  lung  of  a 
manatee.  /^  .50.6. 
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On  taking  a  block  representing  about  half  the  diameter  of  the  lung 
out  of  the  slice  of  tissue  shown  in  Fig.  1  and  preparing  sections  from 
it,  the  finer  topography  of  the  manatee  lung  is  revealed.  Figure  2 
represents  about  two  square  centimeters  of  lung  tissue  shown  at  low 
magnification.  For  comparison  with  more  familiar  lung  tissue, 
sections  of  normal  human  lung  (Fig.  3)  and  cat  lung  (Fig.  5)  are  shown 
beside  it.  The  tremendous  size  of  the  air  sacs  and  the  relatively 
coarse  texture  of  the  lung  tissue  are  at  once  apparent  as  compared  with 
either  man  or  cat.  The  air  sacs  are  many  times  the  size  of  any  ter- 
restrial mammal,  and  the  word  "giant  alveoli"  has  been  applied  by 
Pick  to  the  similarly  large  ones  encountered  in  Halicore  dugong.  A 
further  characteristic  of  both  the  manatee  and  dugong  is  the  presence 
of  extremely  large  air  sacs  at  the  border  of  the  lung  immediately  under- 
neath the  pleura.  These  peripheral  air  sacs,  which  are  clearly  shown 
in  Fig.  2,  are  roughly  cylindrical  or  tubular  in  shape  contrasted  with 
the  smaller  polygonal  ones  in  the  interior  which  do  not  reach  the  sur- 
face. The  tubular  peripheral  air  sacs  may  reach  a  length  of  six 
millimeters  and  a  diameter  of  from  one  to  two  millimeters,  whereas 
the  largest  ones  in  the  interior  are  never  over  three  millimeters  in 
greatest  length.  The  tubular  air  sacs  are  confined  solely  to  the  dorsum 
of  the  characteristically  flattened  lung.  The  alveolar  sacs  underlying 
the  pleura  on  the  ventral  surface  are  not  elongated.  This  difference 
of  the  two  surfaces  is  related  perhaps  to  the  distribution  of  the  bron- 
chial tree  which  is  located  on  the  ventral  side  of  the  lung,  and  sends 
off  its  short,  stout  bronchioles  towards  the  dorsum  of  the  lung. 

The  terminal  bronchioles  are  short  and  communicate  by  wide 
openings  with  the  large  alveolar  sacs  (Figs.  9  and  11).  The  openings 
of  the  terminal  bronchioles  into  the  air  sacs  are  pores  having  a  diameter 
of  from  0.6  to  0.3  mm.,  hence  exceedingly  large  in  diameter  compared 
to  similar  openings  in  other  mammalian  lungs.  In  the  porpoise 
(Tursiops]  by  comparison  the  bronchioles  are  much  longer  and  more 
slender  than  in  the  manatee,  and  the  terminal  openings  are  corre- 
spondingly smaller  (0.1  to  0.2  mm.).  The  columnar  epithelium  which 
lines  the  bronchial  passages  terminates  abruptly  at  the  site  of  union 
of  the  bronchioles  and  the  air  sacs  (Figs.  9  and  11),  indicating  that 
the  division  between  the  essential  respiratory  tissue  and  the  con- 
ducting passages  is  located  here.  The  cartilaginous  armature  of  the 
bronchial  tree  is  highly  developed,  extending  into  the  walls  of  the 
smallest  bronchioles.  Bits  of  cartilage  can  be  seen  in  Figs.  9  and  11 
surrounding  the  smallest  bronchioles  and  their  openings  into  the  air 
sacs.  The  presence  of  extensive  cartilaginous  armature  in  the  bron- 
chial tree  is  characteristic  of  all  aquatic  mammals  thus  far  studied, 
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including  the  dugong  described  by  Pick.  A  good  description  of  the 
arrangement  of  the  cartilage  in  the  trachea  and  bronchi  is  given  by 
Pick  for  the  dugong,  and,  since  from  my  examination  of  the  manatee 
conditions  appear  to  be  the  same,  I  shall  give  no  detailed  account 
of  it.  Mention  should  be  made  of  the  fact,  however,  that  Pick  found 
calcification  present  in  the  larger  cartilages  of  trachea  and  bronchi. 
This  is  not  the  case  in  my  specimen  of  the  manatee.  The  individual 
bits  of  cartilage  in  the  relatively  short,  stout  terminal  bronchioles  of 
the  manatee  are  coarser  and  more  widely  separated  than  in  the 
porpoise  (Tursiops}. 

The  bronchioles  exhibit  in  their  walls  a  moderate  amount  of  smooth 
muscle  and  elastic  tissue,  nothing  like,  however,  the  tremendous 
amounts  of  these  tissues  observed  in  porpoises  by  Fiebiger,  Lacoste 
and  Baudrimont  and  myself,  where  there  is  a  specialized  system  of 
myo-elastic  sphincters  in  the  terminal  bronchioles.  Such  sphincters 
are  totally  lacking  in  the  manatee,  as  presumably  they  are  also  in  the 
dugong,  since  Pick  makes  no  mention  of  them.  This  difference  does 
not  discriminate  essentially  between  the  sirenians  and  porpoises, 
however,  for  in  one  of  the  latter,  the  small  harbour  porpoise  (Phocaena), 
Lacoste  and  Baudrimont  have  not  found  an  elaborated  system  of 
sphincters.  The  elastic  tissue  in  the  walls  of  the  bronchioles  of  the 
manatee  appears  predominantly  in  the  form  of  a  lamina  of  fibers 
lying  between  the  cartilages  and  the  lumen  of  the  bronchiole.  An 
outer  elastic  membrane  surrounding  the  cartilages  or  external  to  them 
is  not  well  defined  as  in  Tursiops.  I  have  also  found  in  the  walls  of  the 
bronchioles  of  the  manatee  rather  extensive  accumulations  of  lym- 
phoid  tissue  exhibiting  here  and  there  "germinal"  centers. 

The  alveolar  sacs  of  the  manatee  lung,  as  stated  above,  are  volu- 
minous. They  are  bounded  by  excessively  heavy  septa  which,  in  so 
far  as  I  can  analyze  them,  appear  to  be  composed  of  a  considerable 
amount  of  collagenous  fibers,  some  smooth  muscle,  and  relatively 
little  elastic  tissue  (Figs.  6,  8,  and  10). 

The  smooth  muscle  and  elastic  tissue  occurring  in  the  walls  of  the 
alveolar  sacs  of  the  manatee  are  not  diffusely  distributed  but  bear  a 
definite  relationship  to  the  contours  of  the  sacs.  It  may  be  seen  in 
any  low  power  field  of  the  manatee  lung  that  the  alveolar  sacs  (both 
the  elongated  ones  on  the  periphery,  as  well  as  the  irregularly  shaped 
ones  buried  beneath  the  surface)  are  subdivided  into  a  series  of  com- 
partments or  lesser  sacculations  by  septal  folds  (Figs.  6  and  8).  These 
folds  have,  naturally,  free  borders  which  project  into  the  lumen  of  the 
alveolar  sacs.  Moreover,  in  the  tubular  air  sacs  at  the  surface  of  the 
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lunu,  it  can  be<  observed  that  the  folds  tend  to  encircle  the  elongated 
( Consequently  when  a  sac  is  cut  longitudinally  the  free  edges  of 
tin-  septal  folds  appear  as  a  series  of  small  knobs  as  shown  in  Fig.  8 
(mus.).  These  enlarged  edges  are  localities  where  smooth  muscle  and 
clastic  tissue  intermingled  occur  in  the  form  of  dense  bundles  (Figs. 
8  (mus.)  and  10),  capable,  one  would  presume,  of  acting  as  a  series  of 
sphincters  which  control  the  size  of  the  air  sacs.  Figure  10  shows  these 
septa  stained  with  resorcin  fuchsin  to  demonstrate  elastic  tissue. 
Figure  7  shows  for  comparison  the  lung  of  a  porpoise  (Tur  slops} 
similarly  stained.  Characteristic  of  the  latter  is  the  smaller  size  of 
the  alveolar  sacs  and  the  much  greater  abundance  of  elastic  tissue, 
which  is  much  more  diffusely  scattered,  although  here,  too,  there  is  a 
tendency  for  the  elastic  tissue  to  attain  its  maximum  density  along 
the  septal  margins. 

As  in  the  porpoises  which  have  been  examined,  the  pulmonary 
capillaries  form  a  double  bed  in  the  alveolar  walls.  Each  surface  of 
a  septum  lying  between  two  adjacent  air  sacs  is  supplied  by  separate 
capillaries  separated  from  one  another  by  collagenous  tissue  lying  in 
the  center  of  the  septum.  This  double  layer  of  capillaries,  not  men- 
tioned in  Pick's  description  of  the  dugong,  was  probably  overlooked 
in  his  material.  It  appears  to  be  a  constant  arrangement  in  the 
obligate  aquatic  mammals  thus  far  described  (Delphinus,  Tursiops, 
and  Phocaeua}. 

No  lining  epithelium  can  be  made  out  with  certainty  in  the  walls 
of  the  air-containing,  distended  alveolar  sacs,  but  in  certain  areas  of 
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Kit;.  8.  A  photograph  of  an  air  sac  of  the  manatee  showing  the  partial  sub- 
division or  sacculation  of  the  alveolar  sac  by  stout  septa.  The  free  borders  of  the 
septa,  sometimes  slightly  club-shaped,  are  composed  of  stout  bundles  of  smooth 
muscle  (rmts.).  X  2 7>-j. 

FIG.  9.  A  photograph  showing  large  air  sacs  in  the  interior  of  the  manatee 
lung  showing  a  communication  at  one  place  with  a  terminal  bronchiole  (/.  br.). 
Numerous  bits  of  car  t  il.i^e  arc  \  isible  in  the  walls  of  the  air  sacs  in  this  region.  X  1  7. 

Fi<;.  10.  A  section  of  manatee  lung  stained  for  elastic  tissue  for  comparison 
with  Fig.  8  (both  at  the  same  magnification)  from  which  may  be  gained  that  the  elastic 
tissue  (el.  /.),  similar  to  the  smooth  muscle,  is  condensed  at  the  free  borders  of  the 
septa  which  partially  subdivide  the  air  sac,  the  two  together  forming  stout  myo- 
elastic  bundles.  Further,  from  comparison  of  this  figure  with  Fig.  7,  taken  from  a 
porpoise's  lung,  both  stained  for  elastic  tissue  and  equally  magnified,  it  may  be 
observed  how  much  more  abundant  elastic  tissue  is  in  the  lung  of  the  porpoise  than  in 
the  manatee.  X  21}/A. 

I •  ii..  11.  A  photograph  at  the  point  of  communication  of  a  terminal  bronchiole 
with  an  air  sac.  On  the  left  and  bottom  of  the  picture  low  columnar  or  cuboidal 
epithelium  <>l  the  terminal  bronchiole  can  be  seen.  Three  bits  of  cartilaginous 
.11  mat  tin-  .ire  visible.  X  85. 
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the  tissue,  in  which  the  air  sacs  are  atelectatic,  a  distinct  layer  of 
hai matoxylin-stained,  oval  cells,  which  can  be  best  accounted  for  as 
respiratory  epithelium,  can  be  observed  on  the  surface  of  the  wall  of 
tin-  alveolus.  Similarly  the  apices  of  the  tubular  air  sacs  beneath  the 
pleura  appear  in  some  localities  to  have  undergone  partial  collapse, 
giving  to  the  portion  of  the  air  sac  contiguous  to  the  pleura  an  almost 
glandular  appearance  ascribable  to  the  fact  that  here  also  by  virtue 
of  the  relaxation  of  the  walls  a  lining  of  what  appears  to  be  epithelial 
cells  has  been  rendered  visible. 

The  pleura  of  the  manatee  is  0.3  to  0.5  mm.  thick  (Fig.  4).  This 
is  thinner  than  in  the  porpoise,  where  it  is  one-half  to  one  millimeter 
thick,  but  on  the  other  hand  is  materially  greater  than  in  terrestrial 
animals  (man,  cat,  Figs.  3  and  5).  Microscopically  the  pleura  is 
made  up  of  dense  bundles  of  collagenous  and  elastic  fibers  besides 
smooth  muscle.  It  is  well  vascularized  by  numerous  small  arterioles 
and  veins,  and  contains  in  addition  occasional  recognizable  lymph 
vessels.  From  without  in,  it  is  composed  of  several  layers.  Outer- 
most, clothed  by  mesothelial  cells,  is  a  layer  of  collagenous  tissue, 
followed  by  a  heavy  lamina  of  elastic  tissue  ( Fig.  4).  Thereupon 
follows  a  vascular  layer  composed  of  small  arteries  and  veins  imbedded 
in  fibrous  tissue  consisting  mostly  of  white  fibers  and  some  smooth 
muscle  bundles.  Innermost  is  a  zone  of  more  delicate  fibro-elastic 
tissue  containing  capillaries. 

DISCUSSION  AND  COM  i  i  >io\s 

For  convenience  and  brevity  in  comparing  the  architecture  of  the 
lungs  of  aquatic  mammals  thus  far  known,  1  have  arranged  the 
principal  observations  in  tabular  form  (Table  I).  The  porpoises  and 
Sirenia  have  in  respect  to  the  histology  of  the  lungs  the  following 
characters  in  common:  a  very  heavy  \\ell-vascularized  pleura,  large 
alveolar  sacs  bounded  by  excessively  heavy  alveolar  walls  composed 
of  fibro-elastic  and  smooth  muscle  tissue;  double  layers  of  capillaries  in 
the  alveolar  walls,  so  that  single  capillaries  do  not  subserve  simultane- 
ously the  gaseous  exchange  in  two  adjacent  alveoli;  the  presence  of  a 
well-developed  cartilaginous  armature  extending  to  the  terminations 
of  the  smallest  bronchioles.  For  the  present  these  characters  may  be 
regarded  as  the  common  features  of  the  lungs  of  mammals  which  have 
accommodated  themselves  to  an  obligate  aquatic  existence. 

The  lungs  of  the  manatee  and  dugong  appear  in  most  respects 
to  be  almost  identical  in  structure.  They  differ  specifically  from  the 
porpoises  in  the  possession  of  giant  air  sacs,  with  especially  large  ones 
lying  on  the  periphery  underneath  the  dorsal  pleura.  They  dilter, 
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moreover,  from  the  porpoises  in  not  hewing  a  system  of  specialized 
myo-elastic  valves  in  the  smallest  bronchioles,  as  well  as  by  virtue  of 
the  fact  that  the  terminal  bronchioles  are  short,  wide  in  diameter,  and 
lined  by  cuboidal  or  columnar  epithelium. 

The  lungs  of  the  porpoises  themselves,  in  view  of  the  recent  study  of 
Phocaena  by  Lacoste  and  Baudrimont,  are  apparently  not  all  equally 
specialized.  Characteristic  of  them  as  a  group  is  the  possession  of  a 
dense  pleura  and  rather  large  air  sacs  with  stout  walls  containing 
much  elastic  tissue  and  a  double  layer  of  capillaries.  The  complicated 
series  of  muscular  valves  present  in  the  smallest  bronchioles  of  Del- 
pliinns  and  Tnrsiops  is  not  present,  however,  in  Phocaena,  the  small 
harbour  porpoise. 

In  conclusion  the  author  does  not  wish  to  speculate  upon  the 
functional  implications  of  the  anatomical  structures  described.  This 
has  been  done  briefly  before  for  the  porpoise  by  Fiebiger  (1916)  and 
Wislocki  (1929)  and  for  the  whales  in  general  in  an  extensive  although 
entirely  speculative  manner  by  Lacoste  and  Baudrimont  (1933). 
Reference  should  also  be  made  to  the  interesting  speculations  of 
Irving  (1934)  on  the  ability  of  warm-blooded  animals  to  survive 
without  breathing. 

The  present  study  brings  out  the  close  similarity  in  lung  structure 
in  the  two  families  of  Sirenia.  It  demonstrates  likewise  the  marked 
dissimilarities  between  the  sirenian  lungs  and  those  of  the  porpoises 
belonging  to  the  order  of  whales.  Although  there  are  certain  dis- 
tinctive features  common  to  the  lungs  of  the  aquatic  mammals  thus 
far  investigated,  the  pronounced  differences  found  to  exist  indicate 
that  various  avenues  of  specialization  have  been  followed  in  adapting 
to  aquatic  modes  of  life.  The  capacity  of  various  aquatic  animals 
to  remain  submerged  and  the  depths  to  which  they  may  dive  doubtless 
vary  considerably  and  the  degree  to  which  they  possess  these  abilities 
is  probably  correlated  with  differences  in  lung  structure.  The  Sirenia 
presumably  submerge  to  lesser  depths  and  are  not  able  to  remain 
under  so  long  as  the  majority  of  whales  (Parker,  1922,  1932).  In 
this  connection  it  will  be  of  interest  to  learn  eventually  how  closely 
the  lungs  of  the  large  whales  resemble  those  of  the  porpoises.  The 
seemingly  less  specialized  lungs  of  the  small  harbour  porpoise  (as 
described  by  Lacoste  and  Baudrimont)  may  be  related  to  the  possi- 
bility that  this  small  species,  in  contrast  to  the  larger  dolphins  (Del- 
phinus  and  Tursiops),  is  not  able  to  submerge  for  long  periods  or  to 
attain  any  great  depths.  For  the  present  the  complicated  system  of 
bronchiolar  valves  possessed  only  by  the  two  larger  species  appears 
to  be  an  ideal  specialization  to  meet  the  requirements  of  prolonged 
submerging  and  the  attainment  of  considerable  depth. 
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THE   DEVELOPMENTAL   STAGES  OF   LABIDOCERA 

MARTIN   W.   JOHNSON 

(From  the  Scrip  ps  Institution  of  Oceanography  of 
the  University  of  California,  La  Jolla,  California) 

INTRODUCTION 

Within  the  past  year  there  has  been  an  increased  effort  directed 
towards  the  study  of  the  development  and  life  histories  of  marine 
copepoda.  Five  publications  have  recently  appeared  (Nicholls,  1934; 
Gurney,  1934;  Campbell,  1934;  Johnson,  1934a,  19346)  describing  in 
detail  the  development  of  a  total  of  seven  marine  calanoids.  Prior 
to  these  works  only  nine  species  of  this  group  had  been  investigated  as 
to  their  complete  development.  Gurney  (1934)  has  attributed  this 
lag  in  investigation  of  the  development  of  this,  the  most  important 
of  the  marine  plankton  copepod  groups,  to  the  difficulty  experienced 
in  laboriously  tracing  out  the  life  histories  from  the  various  stages  as 
collected  from  the  plankton,  a  difficulty  further  enhanced  by  the 
failure  of  many  species  to  carry  eggs.  More  success  has  been  obtained 
in  the  study  of  fresh  water  calanoids,  due  to  the  greater  ease  with 
which  they  may  be  cultured  in  the  laboratory.  Thus  far  only  one 
marine  calanoid  (Calanus  finmarchicus)  has  been  successfully  reared 
through  all  the  stages  to  the  adult  (Lebour,  1916).  Gibbons  (1933) 
has  cultured  this  species  through  the  nauplius  stages.  Euchaeta 
norvegica  has  been  reared  through  the  nauplius  stages  into  the  first 
copepodid;  the  nauplii  apparently  being  sustained  by  a  large  store  of 
yolk  (Nicholls,  1934). 

The  species  included  in  the  present  study  are  Labidocera  trispinosa 
and  Labidocera  jollx,  which  were  described  by  Esterly  (1905,  1906) 
from  plankton  collections  made  off  the  southern  California  coast. 
The  former  is  reported  as  fourth  in  abundance  of  the  copepods  occur- 
ring in  this  region,  and  is  at  times  very  numerous  above  one  hundred 
fathoms  (Esterly,  1912).  It  is  evidently  more  or  less  sporadic  in 
occurrence  and  is  found  only  sparsely  in  inshore  collections.  Labi- 
docera jollx  is  relatively  more  scarce,  judging  from  the  infrequent 
reference  to  it  in  Dr.  Esterly's  works.  My  inshore  collections  indicate 
that  its  nauplius  stages  are  as  a  rule  less  numerous  than  those  of 
Labidocera  trispinosa  and  that  the  two  species  reproduce  concurrently 
during  the  summer  and  autumn,  and  to  a  lesser  extent  well  into  winter. 
The  spring  season  has  not  been  investigated. 
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These  are  the  only  two  species  of  Labidoccra  reported  from  this 
region.  The  nearest  relative  whose  nauplius  larvae  might  on  superfi- 
cial examination  be  confused  with  those  of  the  present  species  is 
Epilabidocera  amphitrites.  This  species,  however,  has  not  been  found 
south  of  San  Francisco  Bay  and  its  larval  stages  are  known  (Johnson, 
19346)  and  can  on  careful  examination  be  quite  readily  distinguished 
from  the  present  species. 

In  a  preliminary  investigation  of  the  seasonal  occurrence  of  zoo- 
plankton  at  La  Jolla,  Murphy  (1924)  concluded  that  70-80  per  cent 
of  the  total  plankton  was  made  up  of  immature  forms  whose  generic 
identity  is  not  known.  Copepod  nauplii  formed  the  major  part  of 
this  percentage,  but  to  what  extent  the  present  species  of  Labidocera 
entered  into  the  computations  is  not  known.  Thus  far  I  have  found 
them  to  play  only  a  minor  role  in  local  inshore  waters. 

PROCEDURE 

The  material  used  in  the  present  study  was  obtained  from  surface 
plankton  collections  taken  at  the  Scripps  Institution  pier.  Labidocera 
jollx  female  copepodid  Y  was,  however,  found  only  in  an  offshore 
collection  put  at  my  disposal  through  the  courtesy  of  Dr.  E.  G.  Mo- 
berg.  This  collection  also  provided  material  for  checking  the  adult 
stages  of  both  species.  Both  living  and  preserved  specimens  were 
employed  in  working  out  the  successive  stages.  The  identity  of  the 
larva-  was  established  by  experimentally  rearing  the  last  nauplius 
stage  through  the  critical  moult  to  the  first  copepodid  stage  and 
linking  this  with  the  successive  copepodid  stages  to  the  adult,  which 
proved  to  be  of  the  genus  Labidocera. 

The  nauplius  larva-  of  the  two  local  species  of  Labidocera  are 
-••parable  on  small  but  consistent  specific  characters  mentioned  later. 
A  total  of  six  specimens  of  the  last  nauplius  stage  of  Labidoccra  tri- 
s/)inosn  were  reared  through  the  critical  moult  and  the  resulting  first 
copepodid  examined  by  complete  dissection.  Four  specimens  of 
Labidocera  jolhv  were  thus  reared  and  examined,  and  in, my  specimens 
of  both  species  were  examined  from  plankton  collections.  It  is 
interesting  to  note  that  t  he  specific  differences  appear  no  greater  in  tin- 
first  copepodid  stage  than  in  the  preceding  nauplius  stage,  but  in  tin- 
following  instars  the  species  are  easily  separated  by  the  clearly  visible 
cephalic  hooks  present  in  Labidocera  jollae  but  uanting  in  Labidocera 
trispinosa,  and  by  the  longer  first  antennae  of  the  latter  species. 

All  drawings  were  made  \\ith  the  aid  of  a  camera  lucida. 
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LABIDOCERA  TRISPINOSA 

Tin-  Xanplins  Stages 

The  early  development  is  divided  into  the  characteristic  six 
nauplius  stages.  Pronounced  specific  differentiation  does  not  appear 
until  the  second  stage,  and  each  following  moult  accentuates  or  brings 
to  light  new  differentiations. 

Contrasted  with  nearly  all  copepod  nauplii,  the  larvae  of  Labi- 
docera  trispinosa  and  Labidocera  jolly  are  noticeably  elongated.  This 
elongation  is,  however,  only  of  an  intermediate  nature  when  compared 
with  the  elongation  of  the  later  larvae  of  such  forms  as  Rhincalanus 
(Gurney,  1934,  Figs.  3,  4,  5)  and  a  local  larva  tentatively  classified 
as  Pontellopsis  occidentalis.  The  appendages  of  Labidocera  trispinosa 
are  also  relatively  long  and  the  first  antennae  are  normally  directed 
straight  forward  and  in  contact  nearly  their  whole  length.  In  the 
later  nauplius  stages  the  distal  segment  of  the  first  antenna  is  faintly 
orange  in  color;  the  color  increasing  in  intensity  toward  the  tip. 
Similar  pigment  is  also  present  in  the  second  antenna,  but  here  the 
greatest  intensity  is  in  the  first  basipod.  The  mandibles  are  nearly 
colorless.  A  little  of  the  pigment  is  visible  on  the  ventral  surface  of 
the  body  and  in  the  alimentary  canal  where  a  small  splash  of  red  also 
appears  in  some  specimens.  The  eye  is  very  dark  reddish-brown. 
The  general  pigmentation  is  quite  variable  in  intensity  and  specimens 
that  have  been  kept  alive  in  the  laboratory  a  day  or  longer  may  be- 
come quite  colorless. 

The  labrum  is  long  and  rather  wide  and  only  very  sparsely  armed 
with  short  weak  setae. 

The  plumose  nature  of  the  appendage  setae  can  in  some  instances 
be  seen  only  with  difficulty  and  is  here  indicated  only  in  the  figures 
for  the  sixth  nauplius  stage. 

Nauplius  Stage  I  (Plate  /,  Fig.  1) 

Body. — 0.13-0.14  mm.  long,  oval,  posterior  end  bearing  two  small 
spines. 

First  antenna  (Plate  IV,  Fig.  5). — Three  segments,  the  first  short 
and  with  one  short  ventral  seta;  the  second  somewhat  longer  and 
bearing  ventrally  one  very  short  and  one  long  seta;  the  third  or  distal 
segment  bearing  terminally  three  long  setae  and  ventrally  near  the 
tip  a  short  spine. 

Second  antenna. — First  basipod  with  one  small  masticatory  hook. 
Second  basipod  with  one  small  masticatory  hook  and  an  adjacent 
small  outwardly  directed  spine.  Endopod  of  one  segment  with  two 
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terminal  set;e  and  one  lateral  seta.  Exopod  of  six  segments,  the  first 
t\v<>  fused,  the  first  with  no  seta,  2-5  with  one  seta  each  and  the  sixth 
with  two  setae. 

Mandible.  —  First  basipod  with  a  small  rounded  chewing  process 
bearing  a  small  spine.  Second  basipod  with  two  inner  spines.  En- 
dopod  of  two  completely  fused  segments  indicated  only  by  the  presence 
of  three  short  weak  spines  on  the  first  and  one  very  short  and  two  long 
setae  on  the  second.  Exopod  of  four  segments,  1-3  with  one  seta 
each,  the  fourth  with  two  seta\ 

Nauplius  Stage  II  (Plate  1,  Fig.  2} 

Body.  —  0.175-0.201  mm.  long  (average  of  11  measurements, 
0.185  mm.)  terminating  posteriorly  in  one  long  heavy  setose  spine  and 
one  shorter  dorsally  directed  plumose  seta  at  its  right  .  Partially 
surrounding  the  base  of  each  of  these  is  a  number  of  very  short  fine 
spines. 

First  antenna  (Plate  IV,  Fig.  6).  —  The  first  and  second  segments 
as  in  I;  the  distal  segment  bears  at  the  tip  three  long  plumose  setae 
and  one  shorter,  lighter  accessory  seta  and  the  dorsal  and  ventral 
margins  each  bear  a  separate  row  of  fine  hair-like  seta1. 

Second  antenna.  —  The  first  basipod  with  one  masticatory  hook. 
Second  basipod  with  one  long  heavy  masticatory  hook,  an  adjacent 
small  outwardly  directed  spine  and  one  small  spine  situated  distally 
near  the  endopod.  Endopod  with  three  long  terminal  seta-  and 
one  long  lateral  seta  bearing  a  small  smooth  process  near  its  proximal 
end.  Exopod  as  in  I  but  with  two  seta1  on  the  second  segment. 

Mandible.  —  First  and  second  basipods  as  in  I.  Endopod  as  in  I 
but  with  increased  strength  of  armature.  Exopod  as  in  I  but  with 
two  seta'  on  the  first  segment  indicating  a  segmentation  which  remains 
latent  until  the  first  copepodid  stage  is  reached. 

EXIM   ^NATION  UK   I'l.  \  I  I.   1 

/.iiliiiloccr/t, 
FIG.  1.     Nauplius  Stage  I. 


Fa;.  2.  Nauplius  Stage  1  1  . 

FIG.  3.  Nauplius  Stage  III. 

FIG.  4.  Nauplius  Stage  IV. 

I  IG.  5.  Nauplius  Stage  V. 


Abbreviations:  a  —  first  antenna.  /  —  labrum. 

a2  —  second  antenna.  Ih  —  lateral  hook. 

-chewing  process.  in—  mandible. 

en  —  endopod.  mx  —  first  maxilla. 

ex  —  exopod.  vh  —  ventral  hook. 
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Nauplius  Stage  III  ( Plate  I,  Fig.  3) 

Body. — 0.215-0.271  mm.  in  length  (average  of  23  measurements, 
0.235  mm.).  Posterior  end  armed  with  one  long  left  and  one  short 
right  terminal  setose  spine,  and  one  flexible  inner  plumose  seta  in 
conjunction  with  each  spine.  Just  anterior  to  the  terminal  armature 
there  is  now  one  pair  of  ventral  hooks. 

First  Antenna  (Plate  IV,  Fig.  7). — Segments  one  and  two  as  in  II, 
the  distal  segment  with  four  terminal  seta-,  two  long  dorsal  marginal 
seta?,  one  long  ventral  marginal  seta,  and  a  transverse  series  of  minute 
spines  on  the  inner  margin  near  the  middle.  The  fine  hair-like  setse 
found  on  the  distal  segment  in  II  are  now  wanting. 

Second  Antenna.  -First  basipod  with  two  long  strong  masticatory 
hooks  upon  a  common  base  and  adjacent  to  these  one  small  spine. 
Second  basipod  as  in  II  but  with  also  a  transverse  series  of  minute 
spines  situated  on  the  ventral  proximal  portion  of  the  segment. 
Endopod  as  in  II  but  with  four  terminal  seta'  and  two  additional  fine 
hair-like  seta-  near  the  origin  of  the  single  long  lateral  seta.  Kxopod 
as  in  II  but  with  three  seta1  each  on  the  second  and  terminal  segments. 

Mandible. — First  basipod  as  in  II.  Second  basipod  with  three 
inner  spines.  Endopod  with  three  strong  hook-like  spines  and  one 
very  weak  basal  seta  on  the  fir>t  segment  and  four  slender  seta*  on 
the  second  segment.  Exopod  as  in  II. 

FiiM  Maxilla. — Bud  fringed  \\ith  short  hairs,  discernible  only  with 
difficulty  in  some  specimens. 

Nauplius  Stuge  IV  (Plate  /,  Fig.  4} 

Body. — 0.250-0.325  nun.  long  (average  of  14  measurements 
0.278  mm.).  The  caudal  armature  is  like  that  in  Stage  III  with  the 
addition  of  a  series  of  minute  lateral  spines  marking  the  location  where 
the  lateral  hooks  are  destined  to  appear  in  the-  following  stage. 

First  Antenna  (Plate  IV,  Fig.  8).— First  and  second  segments 
unchanged;  distal  segment  with  tour  terminal  setae,  one  short  and 
three  long  dorsal  marginal  seta1,  one  long  and  two  short  ventral  mar- 
ginal seta1  and  a  transverse  series  of  minute  spines  on  the  inner  side. 

Second  Antenna.  Fir-t  and  second  basipods  as  in  III.  Endopod 
as  in  III  but  with  also  a  few  very  minute  spines  grouped  on  the  lateral 
surface.  Exopod  as  in  III. 

Mandible. — First  basipod  with  the  chewing  process  much  enlarged 
and  terminating  in  two  teeth  and  a  small  lateral  seta.  Proximally 
the  process  bears  a  heavy  setose  spine.  Second  basipod  with  live 
inner  spines.  Endopod  and  exopod  as  in  III. 
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First  Maxilla. — Bud  with  slender  weakly  chitini/ed  setae. 
Second    Maxilla. — Poorly    defined    bud.      (Visible    only    in    some 
specimens  nearing  ecdysis.) 

Nauplius  Stage  V  (Plate  I,  Fig.  5) 

Body. — 0.310-0.370  mm.  in  length  (average  of  14  measurements, 
0.332  mm.).  Posterior  end  armed  as  in  IV  but  including  also  one  pair 
of  lateral  hooks  similar  to  the  ventral  pair. 

First  Antenna  (Plate  IV,  Fig.  9). — Unchanged  except  for  increase 
to  four  long  and  two  short  (alternating  with  the  long)  dorsal  marginal 
seta?  and  one  long  and  two  short  ventral  marginal  setae. 

Second  Antenna. — First  basipod  unchanged.  Second  basipod 
unchanged  but  for  addition  of  one  very  small  spine  adjacent  to  the 
masticatory  hook,  thus  making  two  small  spines  in  this  location. 
Endopod  as  in  IV  but  with  three  fine  hair-like  setae  near  the  base  of 
the  single  long  lateral  seta.  Exopod  as  in  IV  but  with  four  seta?  on 
the  second  segment. 

Mandible.— As  in  IV. 

First  and  Second  Maxilla. — Rudimentary. 

Maxilliped. — Bud. 

Nauplius  Stage  VI  (Plate  II,  Fig.  1} 

Body. — 0.360-0.420  mm.  long  (average  of  11  measurements, 
0.386  mm.).  Caudal  armature  as  in  Stage  V.  Just  anterior  to  the 
lateral  hooks  there  is  on  each  side  a  series  of  very  minute  lateral  spines. 
The  rudimentary  legs  which  in  some  specimens  of  Stage  V  can  be  seen 
as  blocks  of  undifferentiated  tissue  are  now  quite  distinct,  but  the  first 
maxillae  are  still  poorly  defined. 

First  Antenna  (Plate  IV,  Fig.  10). — As  in  Stage  V  but  with  a  total 
of  five  ventral  marginal  setae  on  the  distal  segment. 

Second  Antenna. — First  and  second  basipods  as  in  V.  Endopod 
as  in  V  but  with  a  total  of  five  terminal  setae.  Exopod  as  in  V. 

Mandible. — As  in  Stage  V  but  with  increased  strengthening  of  the 
masticatory  portions  and  with  a  total  of  six  setae  on  the  inner  margin 
of  the  second  basipod. 

First  and  Second  Maxilla. — Rudimentary. 

Maxilliped.— Bud. 

First  and  Second  Legs. — Rudimentary. 

The  Copepodid  Stages 

Following  the  critical  moult  there  is  a  succession  of  six  copepodid 
stages,  the  last  of  which  is  the  adult  animal.  Living  animals  display  a 
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rather  faint  dark  orange  coloration  of  the  first  and  second  basipods  of 
the  second  antennae,  and  some  of  this  pigment  is  also  evident  in  the 
posterior  end  of  the  body.  A  few  dark  spots  occur  along  the  mid 
body  and  a  faint  green  is  noted  along  the  alimentary  canal.  The 
color  intensity  varies  greatly  and  is  usually  more  pronounced  in  the 
older  specimens. 

From  the  first  copepodid  stage,  the  animals  swim  in  the  fashion 
apparently  typical  of  the  Pontellida',  i.e.  with  quick  sweeps  of  the 
second  antennae  and  with  rhythmic  dorsal  ventral  motion  of  the  uro- 
some.  Thus,  when  swimming  leisurely,  the  animal  gives  the  appear- 
ance of  a  hovering  bird. 

Copepodid  Stage  I  (Plate  II.  Fig.  2} 

Length  0.498-0.590  mm.  (average  of  5  measurements  0.543  mm.) 
to  the  end  of  caudal  rami.  Thorax  l  of  four  segments,  abdomen  of 
one  segment.  The  abdomen  and  caudal  rami  are  symmetrical  and 
each  ramus  bears  four  long  terminal  setae,  one  short  lateral  seta 
(which  in  the  later  stages  assumes  the  character  of  the  regular  terminal 
setae),  and  one  dorsal  seta.  Dorsal  cuticular  lenses  are  poorly  defined 
and  partially  surrounded  by  pigment  bodies.  The  rostral  processes 
which  are  typical  of  the  later  stages  are  wanting,  the  rostrum  being 
only  a  rounded  blunt  protuberance. 

First  Antenna. — Nine  evident  segments. 

Second  Antenna. — First  basipod  with  one  seta.  Second  basipod 
with  two  seta*.  Endopod  of  two  segments,  the  first  fused  with  the 
second  basipod,  and  bearing  two  outer  setae,  the  second  segment 
forming  a  lateral  and  a  terminal  lobe  each  bearing  a  distinct  group  of 
setae  indicating  the  fusion  of  two  segments  homologous  to  the  two 
clearly  defined  end  segments  of  the  endopod  of  the  mandible.  The 
lateral  lobe  bears  a  group  of  three  set;e,  and  the  terminal  lobe,  six 
setae.  The  exopod  consists  of  five  evident  segments,  the  first  short 
and  bearing  one  inner  seta,  the  second  long  and  bearing  three  setae. 
The  remaining  end  segments  are  short  and  very  obscure  and  bear  a 
total  of  eight  seta?. 

1  The  term  'thorax'  used  in  connection  with  these  species  designates  that  portion 
of  the  body  bearing  visible  feet  plus  the  next  segment  to  the  posterior.  Thus  the 
adult  animal  is  considered  to  possess  a  total  of  six  thoracic  segments  of  which  the 
genital  segment  is  the  last  to  appear. 
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PLATE  II 


Labidocera  trispinosa 

FIG.  1.     Nauplius  Stage  VI. 

FIG.  2.     Copepodid  Stage  I,  lateral. 


Abbreviations:  a — first  antenna. 

a2 — second  antenna. 
/ — first  legs. 
/2 — second  legs. 
m — mandible. 


mh — masticatory  hook  of  second 

basipod. 

mx — first  maxilla. 
mx2 — second  maxilla. 
mxp — maxilliped. 
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Mandible.  -Mandihular  blade  with  four  teeth,  a  small  spine,  and 
several  tine  short  set;e.  Palp  with  a  very  short  first  basipod;  a  long 

Mid  basipod  with  four  slender  seUe;  an  endopod  of  two  short  seg- 
ments, the  first  with  a  distal  group  of  four  long  seta1,  and  the  second 
with  a  terminal  group  of  six  long  setae;  an  exopod  of  five  segments, 
1-4  with  one  long  seta  each  and  the  fifth  with  two  shorter  slender 
-eta?. 

First  Maxilla. — The  structure  of  this  appendage  is  like  that  of  the 
adult  except  for  less  obvious  segmentation  and  smaller  number  of 
~et;e  on  certain  lobes.  C.nathobase  or  first  inner  lobe  with  eleven 
short  spines;  second  inner  lobe  with  three  long  strong  seta1;  epipod  or 
outer  setiferous  plate  bears  four  long  slender  seta?;  the  third  inner  lobe 
situated  on  a  very  short  segment  bears  three  long  set«e,  while  the  outer 
margin  of  this  segment  bears  a  single  long  seta.  The  following  seg- 
ment bears  three  slender  inner  seta-  and  is  fused  with  the  first  segment 
of  the  exopod  which  bears  three  lateral  seta1.  The  second  or  terminal 
segment  of  the  exopod  bears  five  long  coarse  seta*.  Endopod  of  two 
poorly  defined  segments,  the  terminal  one  with  seven  long  coarse  setae. 

This  appendage  is  identical  with  that  of  Lnlridocera  jnll;r  which 
is  figured  for  the  adult  in  Plate-  IV,  Fig.  13. 

Second  Maxilla. — Uniramose  and  strongly  built.  First  basipod 
with  two  endites  each  bearing  one  short  and  one  long  seta  and  a 
number  of  fine  spines  at  their  bases.  Second  basipod  with  two  endites 
each  with  one  short  and  two  long  seta-;  the  first  endite  also  bears  a 
number  of  very  fine  spines.  Endopod  of  five  poorly  defined  segments, 
the  first  segment  slightly  the  longest  and  bearing  one  long  and  one 
short  >eta.  segments  2-4  each  with  one  long  seta,  and  the  fifth  segment 
with  one  long  and  one  short  seta.  All  the  seta-  of  the  appendage  art- 
strong  and  coarsely  setose. 

Maxilliped. — Uniramose.  The  first  basipod  enlarged  and  con 
sisting  of  three  lobes,  the  first  with  one  short  setose  seta,  the  second 
with  one  long  and  one  short  setose  seta,  the  third  with  one  long  setose 
seta.  The  second  basipod  is  narrow  and  bears  no  seta'.  Endopod  ol 
two  segments,  the  first  with  one  di-ial  plumose  >eta,  the  second  with 
three  in  minal  smooth  setae. 

First  Leg. — First  and  second  basipod  with  no  seta?.  Endopod  of 
one  segment  with  seven  set.e.  Exopod  of  one  segment  with  four  outer 
spines,  a  terminal  blade  and  three  seta1. 

Second  Leg. — First  and  second  basipods  with  no  seta-.  Endopod 
of  one  segment  with  six  seta4.  Exopod  of  one  segment  with  three 
outer  spines,  a  terminal  blade  and  three  seta-. 

Third  Leg. —  Rudimentary. 
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Copepodid  Stage  II 

Length  0.720-0.797  mm.  (average  of  5  measurements,  0.767  mm.). 
Thorax  of  five  segments,  abdomen  of  one  segment.  Dorsal  cuticular 
lenses  and  rostral  processes  present.  Urosome  and  caudal  rami 
symmetrical. 

First  Antenna. — Fourteen  segments. 

Second  Antenna. — As  in  I  but  with  five  seta'  on  the  lateral  lobe 
and  six  setae  on  the  terminal  lobe  of  the  distal  segment  of  the  endopod. 

Mandible. — As  in  I  but  with  five  mandibular  teeth,  and  with  six 
seta?  on  the  terminal  segment  of  the  endopod. 

First  Maxilla. — As  in  I  but  with  six  setae  on  the  epipod  and  four 
setae  on  the  third  inner  lobe. 

Second  Maxilla. — As  in  I. 

Maxilliped. — As  in  I  but  with  two  short  seta.1  on  the  first  lobe  of 
the  first  basipod;  and  with  an  endopod  of  three  segments,  the  first 
with  one  long  and  one  short  plumose  seta,  the  second  with  one  long 
plumose  seta,  and  the  third  with  three  long  smooth  seta\ 

First  Leg. — First  basipod  with  one  inner  seta;  second  basipod  with 
no  seta.  Endopod  of  one  segment  with  eight  seta\  Exopod  of  two 
segments,  the  first  with  one  outer  spine,  the  second  with  three  outer 
spines,  a  terminal  blade,  and  four  seta\ 

Second  Leg.—  -  First  basipod  with  one  seta;  second  basipod  with 
no  seta.  Endopod  of  one  segment  with  eight  setae.  Exopod  of  two 
segments,  the  first  with  one  outer  spine,  the  second  with  two  outer 
spines,  a  terminal  blade,  and  four  setae. 

Third  Leg. — First  and  second  basipods  with  no  seta1..  Endopod  of 
one  segment  with  six  setae.  Exopod  of  one  segment  with  three  outer 
spines,  a  terminal  blade,  and  three  seta\ 

Fourth  Leg. — Rudimentary. 

Copepodid  Stage  III 

Length  1.03-1.11  mm.  (average  of  5  measurements  1.064  mm.). 
Thorax  of  six  segments,  abdomen  of  one  segment.  Posterior  end  of 
body  symmetrical. 

First  Antenna. — Nineteen  segments. 

Second  Antenna. — As  in  II. 

Mandible. — As  in  II. 

First  Maxilla. — As  in  II  but  with  eight  setae  on  the  epipod  and  four 
setae  on  the  first  segment  of  the  endopod. 

Second  Maxilla. — As  in  II. 
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Maxilliped. — As  in  II  but  with  two  short  plumose  setae  at  the  base 
of  the  one  long  seta  on  the  third  lobe  of  the  first  basipod,  and  with  an 
endopod  of  five  segments.  The  first  segment  of  the  endopod  is  very 
short  and  indistinctly  defined  and  bears  two  long  plumose  seta?;  the 
second  segment  is  long  and  bears  one  plumose  seta;  the  third  and  fourth 
^ments  are  shorter  and  each  bear  distally  one  plumose  seta;  the  fifth 
segment  is  very  short  and  terminates  in  three  smooth  seta3. 

First  Leg. — First  basipod  with  one  inner  seta;  second  basipod  with 
no  seta.  Endopod  of  one  segment  with  nine  seta-.  Exopod  of  two 
segments,  the  first  with  one  outer  spine  and  one  inner  seta,  the  second 
with  three  outer  spines,  a  terminal  blade  and  four  seta?. 

Second  Leg. — First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  one  segment  with  nine  seta?.  Exopod  of 
two  segments,  the  first  with  one  outer  spine  and  one  inner  seta,  the 
second  with  three  outer  spines,  a  terminal  blade  and  five  seta?. 

Third  Leg. — First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  one  segment  with  eight  seta'.  Exopod  of 
two  segments,  the  first  with  one  outer  spine,  the  second  with  two 
outer  spines,  a  terminal  blade,  and  four  seta-. 

Fourth  Leg. — First  and  second  basipods  with  no  seta1.  Endopod 
of  one  segment  with  six  seta?.  Exopod  of  one  segment  with  three 
outer  spines,  a  terminal  blade  and  three  seta-. 

Fifth  Leg. — Rudimentary. 

Copepodid  Stage  I  \ ' 

Length  female  1.34-1.49  mm.  (average  of  8  measurements,  1.40 
mm.);  male  1.23-1.41  mm.  (two  specimens).  Thorax  of  six  segments, 
abdomen  of  two  segments.  The  corners  of  the  fifth  thoracic  segment 
are  symmetrical  and  slightly  pointed,  and  the  urosome  is  also  sym- 
metrical. 

First  Antenna. — Twenty-three  segment-. 

Second  Antenna. — As  in  III  but  with  seven  seta?  on  the  lateral 
lobe  of  the  terminal  segment  of  the  endopod,  and  with  an  additional 
slender  seta  on  the  terminal  segment  of  the  exopod. 

Mandible. — As  in  III  but  with  seven  seta?  on  the  terminal  segment 
of  the  endopod. 

First  Maxilla. — As  in  III  but  the  epipod  and  exopod  each  with 
nine  seta?. 

Second  Maxilla. — As  in  III  but  with  the  addition  of  two  seta'  at 
the  base  of  the  two  long  seta?  on  the  first  endite  of  the  first  basipod. 

Maxilliped. — As  in  III  but  with  an  additional  small  seta  at  the  base 
of  the  two  longer  seta?  on  the  second  lobe  of  the  first  basipod.  The 
second  basipod  is  finely  serrate  on  the  anterior  surface,  and  there  are 
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now  two  plumose  setae  on  the  distal  end  of  the  second  segment  of  the 
endopod. 

This  appendage  is  now  essentially  the  same  as  in  the  adult  stage 
(Plate  IV,  Fig.  23).  The  short  first  segment  of  the  endopod,  however, 
becomes  so  obscure  by  fusion  to  the  second  segment  in  the  later  stages 
that  the  endopod  appears  to  have  only  four  segments. 

First  Leg. — First  basipod  with  one  inner  seta;  second  basipod  with 
no  seta.  Endopod  of  one  segment  with  nine  setae.  Exopod  of  two 
segments,  the  first  with  one  outer  spine  and  one  inner  seta,  the  second 
with  three  outer  spines,  a  terminal  blade,  and  four  setae. 

Second  Leg. — First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  one  segment  with  ten  setae.  Exopod  of 
two  segments,  the  first  with  one  outer  spine  and  one  inner  seta,  the 
second  with  three  outer  spines,  a  terminal  blade,  and  five  setae. 

Third  Leg. — First  basipod  with  one  inner  seta;  second  basipod  with 
no  seta.  Endopod  of  one  segment  with  nine  setae.  Exopod  of  two 
segments,  the  first  with  one  outer  spine  and  one  inner  seta,  the  second 
with  three  outer  spines,  a  terminal  blade,  and  five  setae. 

Fourth  Leg. — First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  one  segment  with  eight  setae.  Exopod  of 
two  segments,  the  first  with  one  outer  spine,  the  second  with  three 
outer  spines,  a  terminal  blade,  and  five  setae. 

Fifth  Legs,  Female  (Plate  IV,  Fig.  14). — Biramose,  small  and 
symmetrical.  The  second  basipod  bears  on  its  posterior  surface  a 
short  plumose  seta.  Endopod  represented  by  a  short  smooth  segment. 
Exopod  of  one  segment  with  one  outer  spine  near  the  middle  and  one 
near  the  tip.  At  the  tip  there  is  one  terminal  spine  and  adjacent  to 
it  on  the  inner  side  is  a  very  small  spine  which  in  the  later  stages  de- 
velops into  the  larger  terminal  point. 

Fifth  Legs,  Male  (Plate  IV,  Fig.  19a). — Biramose  and  asym- 
metrical. The  second  basipod  and  the  endopod  are  like  the  corre- 
sponding parts  in  the  female.  Right  exopod  slightly  longer  than  the 
left  and  with  two  segments  indicated.  Each  exopod  bears  two  small 
outer  spines  and  a  terminal  point. 

In  this  stage  the  sexes  apparently  can  be  distinguished  only  by 
the  structure  of  the  fifth  legs. 

Copepodid  Stage  V 

Length,  female  2.04-2.06  mm.  (three  measurements).  Thorax  of 
six  segments,  abdomen  of  two  segments.  The  fifth  thoracic  segment 
with  sharply  pointed  corners.  Posterior  portion  of  body  symmetrical 
and  without  protuberance  on  genital  segment.  No  males  were  found 
of  this  species  in  this  stage. 
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First  Antenna.  —  Twenty-three  segments  discernible. 

Second  Antenna.  —  As  in  IV. 

Mandible.  —  As  in  IV  with  setae  of  terminal  endopod  segment  in- 
creased to  eight. 

First  Maxilla.  —  Segmentation  more  defined  and  increased  strength 
of  armature. 

Second  Maxilla.  As  before  but  with  a  total  of  five  setae  on  the 
first  endite  of  the  first  basipod. 

Maxilliped.  —  No  change  in  structure. 

First  Leg.  —  First  basipod  with  one  inner  seta;  second  basipod  with 
no  seta.  Endopod  of  two  segments,  the  iirst  with  three  inner  setae, 
the  second  with  six  seta-.  Exopod  of  three  segments,  the  first  and 
second  with  one  outer  spine  and  one  inner  seta,  the  third  with  two 
outer  spines,  a  terminal  blade,  and  four  seta-. 

Second  Leg.  —  First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  two  segments,  the  Iirst  with  three  inner 
setae,  the  second  with  eight  seta.  Exopod  of  three  segments,  the  first 
and  second  with  one  outer  spine  and  one  inner  seta,  the  third  with 
three  outer  spines,  a  terminal  blade,  and  five  seta-. 

Third  Leg.  —  First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  two  segments,  the  first  with  three  inner 
setae,  the  second  with  eight  seta>.  Exopod  of  three  segments,  the  first 
and  second  with  one  outer  spine  and  one  inner  seta,  the  third  with 
three  outer  spines,  a  terminal  blade,  and  five  setae. 

Fourth  Leg.-  First  basipod  with  one  inner  seta;  second  basipod 
with  no  seta.  Endopod  of  two  segments,  the  first  with  three  inner 
setae,  the  second  with  seven  set;e.  Exopod  of  three  segments,  the 
first  and  second  with  one  outer  spine  and  one  inner  seta,  the-  third  with 
three  outer  spines,  a  terminal  blade,  and  five  seta'. 

Fiftli  Leg,  Female  (Plate  IV,  Fig.  15).  —  Similar  to  Stage  IV,  \\ith 
the  small  inner  terminal  spine  enlarged  to  a  hea\  v  terminal  point. 


(.'o/)e/>t>(li({  -S'/(/;'C   17,  Adult 

The  original  description  given  for  the  adult  stage  of  this  and  the 
following  species  is  not  complete.  It  is  therefore  desirable  to  include 
here-  also  brief  description-  of  this  stage. 

Female  (Plate  V,  Fig.  1).  —  Length  2.50-2.82  mm.  (average  of  7 
measurements,  2.81  mm.).  The  measurements  given  by  Esterly 
(1905,  p.  202)  for  the  adult  female  is  1.6  mm.;  only  a  little  greater  than 
is  here  given  for  copepodid  Stage  IV.  The  structure  of  the  adult 
appendages  and  body  segmentation  is  essentially  the  same  as  in  Stage 
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Y.  In  Plate  IV  are  figured  the  fifth  legs  (Fig.  16),  the  mandible 
(Fig.  12),  and  the  maxilliped  (Fig.  23).  The  last  two  named  appen- 
dages are  the  same  in  both  sexes. 

Male  (Plate  V,  Fig.  2).—  Length  2.14-2.47  mm.  (average  of  7 
measurements,  2.31  mm.).  This  agrees  rather  closely  with  Esterly's 
maximum  figure  which  is  2.2  mm.  The  abdomen  consists  of  four 
segments.  The  right  posterior  corner  of  the  fifth  thoracic  segment 
is  produced  into  a  slender  curved  spine,  and  adjacent  to  it  on  the 
posterior  margin  on  the  same  side  there  are  two  to  three  smaller 
spines.  Esterly  (1905,  p.  202)  notes  only  two  such  spines.  The 
fifth  legs  (Plate  IV,  Fig.  22)  are  as  in  the  original  description  but  with 
a  rudimentary  endopod  on  the  left  foot. 


LABIDOCERA 

The  adults  of  Labidocera  jolly  and  Labidocera  trispinosa  are  easily 
distinguished  by  sharply  defined  characters,  but  the  nauplius  larvae 
of  the  species  are  very  similar  and  can  be  distinguished  only  by  small 
but  yet  definite  differences. 

Each  developmental  stage  of  Labidocera  jollx  was  also  worked  out 
carefully  and  will  be  briefly  compared  with  those  of  Labidocera  tri- 
spinosa in  all  the  essential  characters,  stressing  mainly  the  points  of 
difference. 

Nauplius  Stage  I  was  not  found  or  could  not  be  distinguished  from 
the  corresponding  stage  referred  to  L.  trispinosa.  (The  nauplius 
examined  was  referred  to  this  species  in  view  of  its  greater  numbers.) 
A  study  of  the  following  nauplius  stages  will  show  that  the  separation 
of  the  two  species  in  Stage  I  must  depend  mainly,  if  not  wholly  on  the 
comparative  slenderness  of  the  masticatory  hooks  occurring  on  the 
first  and  second  basipod  of  the  second  antenna.  These  hooks  are 
only  weakly  developed  in  this  stage. 

In  the  following  nauplius  stages  L.  jollx  is  usually  slightly  the 
larger  of  the  two  species,  the  first  antenna1  and  the  long  caudal  spine 
are  relatively  shorter,  and  the  pigmentation  of  the  body  is  more 
pronounced  and  of  a  definite  blue-green  cast.  When  at  rest  the  first 
antennae  are  directed  straight  forward. 

Nauplius  Stage  II  (Plate  III,  Fig.  /) 

Length  0.200-0.211  mm.  (two  specimens  measured).  The  anatomi- 
cal feature  distinguishing  the  species  in  this  stage  is  a  very  slender 
masticatory  hook  on  the  second  basipod  of  the  second  antenna  as 
compared  with  the  heavy,  well  developed  corresponding  hook  in  L. 
trispinosa  (Plate  IV,  Figs.  1  and  2,  mh).  That  this  character  is  a 
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constant  one  is  supported  by  its  persistence-  in  combination  with  other 
specific  characters  that  will  be  mentioned  for  the  later  stages.  The 
short  spine  appearing  on  the  distal  portion  of  the  second  basipod  of 
the  second  antenna  of  L.  trispinosa  is  wanting  in  L.  jollx.  Its  first 
appearance  is  in  Stage  III.  This  spine  and  also  the  other  spines 
occurring  on  the  second  antenna  are  more  slender  in  the  latter  species 
in  all  stages. 

Nauplius  Stage  III 

Length  0.260-0.270  mm.  (three  measurements).  The  only  addi- 
tional difference  in  this  stage  is  the  appearance  of  a  transverse  series 
of  very  minute  spines  on  the  second  basipod  of  the  second  antenna. 
In  L.  jollx  the  series  is  located  on  the  distal  half  of  the  segment  while 
in  L.  trispinosa  it  is  on  the  proximal  half.  This  difference  persists 
throughout  all  of  the  stages  but  in  the  older  larva?  a  few  similar  small 
spines  appear  also  on  the  proximal  half  of  the  segment  in  L.  jollx. 

.\niiplins  Stage  1 1 ' 

Length  0.265-0.319  mm.  (average  of  six  measurements  0.304  mm.). 
In  this  stage  the  development  of  the  larval  chewing  process  is  com- 
pleted in  both  species.  In  /..  jollx  the  process  terminates  in  three 
teeth  and  a  small  spine,  while  in  L.  trispinosa  it  terminates  in  only  two 
teeth  and  a  small  spine  (Plate  I,  Fig.  4,  cp;  Plate  IV,  Figs.  3  and  4). 
The  greater  number  of  mandibular  teeth  in  the  former  species  is 
reflected  in  the  copepodid  stages,  in  the  first  of  which  the  number  is  in 
the  same  ratio  as  in  the  nauplius  stage. 

Nauplius  Stage  }' 

Length  0,390-0.426  mm.  (average  of  five  measurements  0.398  mm.). 
Xn  added  specific  changes. 

Nauplius  Stage  VI  (Plate  III,  I<ig.  2) 

Length  0.424-0.495  mm.  (average  of  eleven  measurements,  0.472 
mm.). 

In  this  stage  there  appears  an  additional  short  dorsal  marginal 
seta  on  the  distal  segment  of  the  first  antenna,  bringing  the  total 
number  of  dorsal  marginal  seta-  in  L.  jolhi-  to  seven,  whereas  in  L. 
trispinosa  the  total  number  in  this  stage  is  six,  the  same  as  in  the  fifth 
iiaupliu-  stage. 

The  Copepodid  Stages 

In  the  first  t  opepodid  stage  of  Labidocera  jolLv,  the  cephalic  hooks 
,ni(l  also  the  rosh.il  processes  are  wanting.  Hence  in  this  stage  it  is 
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Labidocera  jollce 
FIG.  1.     Nauplius  Stage  II. 
FIG.  2.     Nauplius  Stage  VI. 
FIG.  3.     Copepodid  Stage  II,  dorsal. 

Abbreviation:  mh — masticatory  hook  of  second  basipod. 
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practically  indistinguishable  from  the  same  stage  in  L.  trispinosa 
i-pt  for  Mtiall  differences  occurring  in  the  mandibular  blade  and  in 
tin-  endopod  of  the  maxilliped.  In  the  former  species  the  mandibular 
blade  bears  >i\  teeth  as  compared  with  only  four  in  the  latter  species, 
and  in  the  former  the  terminal  segment  of  the  endopod  of  the  maxil- 
liped  bears  but  two  smooth  seta-,  while  in  the  latter  it  bears  three 
Hiiooth  setae.  These  distinctions  remain  evident  through  all  of  the 
stage>,  but  in  Stage  II  each  species  acquires  an  additional  tooth  on 
the  mandibular  blade,  giving  the  total  number  found  in  the  adult 
animal  (Plate  IV,  Figs.  11  and  12).  In  all  of  the  copepodid  stages 
L.  joll^c  is  relatively  more  green  in  color.  The  development  of  the 
appendages  and  the  body  segmentation  is  the  same  in  both  species 
for  corresponding  stages. 

In  the  second  copepodid  stage  (Plate  III,  Fig.  3),  L.  jollx  acquires 
the  rostral  processes  and  also  the  cephalic  hooks.  The  presence  of 
cephalic  hooks  serves  as  a  reliable  and  easy  distinction  between  the 
species  in  this  and  all  the  following  stages. 

The  sexes  are  first  distinguishable  in  the  fourth  copepodid  stage  by 
the  structure  (A  the  tilth  legs.  The  development  of  these  legs  is 
shown  for  the  female  copepodid  IV  and  VI  in  Plate  IV,  Figs.  17  and 
18  respectively.  In  Stage  \  ,  not  figured,  the  legs  are  almost  identical 
with  those  shown  for  Stage  VI.  In  Plate  IV,  Figs.  19  to  21,  is  given 
the  development  of  the  male  fifth  legs  from  Stage  IV  to  VI. 

EXI'I   ^NATION  <>l    Pi. A  I  !•:   IV 

Labidocera  trispinosa  ami  l..]«ll<c. 
I  ii..    1.     L.  jullce,  second  antenn. i. 
I  [G.   _'.      /..  trispinosa,  second  antenna. 
I'll..  3.     L.  jollce,  chewing  process. 
Fu,.  4.     I.,  trispinosa,  chewing  process. 

FlGS.   5-10.     L.  trispinosa,  first  antenna  nauplius  Stages  I    VI. 
I'll..    11.      /..  /<'//«•,  adult  mandible. 
I  [G.   12.     L.  trispinosa,  adu\\  mandible. 
I  K,.    13.      L.  jolltc,  adult   fi!>l   maxilla. 
:u,.    14.      L.  trispinnsti,  female  fifth  legs,  copepodid  Stage  IV. 

ii..    15.      L.  trispinnsii,  female  tilili  legs  copepodid  Stage  \. 
ric,.   K).     L.  trispinosa,  female  aduli  fifth  legs. 

MCi.    17.      /-.  /'"//(/,  It-male  III  ill  legs,  copepodid  Stage  IV. 
H..   IX.     /,./'«//</•,  female  adult  fifth  legs. 
n..    I').      L.  jn/ln  ,  male  fifth  legs,  copepodid  Stage  IV. 
H..    \9<i.     L.  trispinosa,  male  fifth  legs,  copepodid  Siai^e  l\  . 
IG.   20.      I  .  jnlltt ,  male  tilth  Uv*,  n>|iepodid  Stage  \'. 
n,.   21.     L.jnll,(.  male  adult  fifth  legs,  (reduced  scale). 
n..   22.      /,.  trispinosa,  male  adult  fifth  legs,  (reduced  scale 
n..   23.     L.  trispinosa,  adult  maxilliped. 
Abbreviations:/'/;      first   basipod  en-—  endopod 

hpl — second  basipod  ex — exopod 

e — epipod  g — gnathobase 

mil— masticatory  hook  of  second  basipod 
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A  comparison  of  body  sizes  shows  that  during  the  nauplius  and 
early  copepodid  stages,  L.  jolkv  is  slightly  larger  than  L.  trispinosa. 
In  copepodid  Stages  IV  and  V  the  measurements  are  about  equal,  but 
in  the  adult  stage  the  latter  is  a  little  longer. 


PLATE  IV 
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The  adult  of  L.  jollx  agrees  essentially  with  the  original  description 
given  by  Ksterly  (1906,  p.  74). 

Female.  -Length  2.49-2.67  mm. .(average  of  nine  measurements, 
J.57  mm.).  In  this  stage  the  urosome  is  very  asymmetrical  (Plate  Y, 
1  i-.  S),  an  asymmetry  which  is  first  indicated  only  in  the  broadening 
of  the  right  caudal  ramus  of  Stage  Y  (Plate  V,  Fig.  7). 

Male. — Length  2.06-2.39  mm.  (average  of  twenty-eight  measure- 
ments, 2.20  mm.).  The  rostrum  is  asymmetrical  due  to  the  right 
prong  being  much  reduced  (Plate  Y,  Fig.  6).  Esterly  also  noted  this 
, i -ymmetry  but  was  not  certain  if  it  should  be  considered  an  individual 
deformity  or  a  distinct  character,  since  his  description  was  based  on  a 
single  specimen.  I  have  examined  many  adult  males  and  find  this 
peculiar  asymmetry  to  be  constant  in  every  specimen  examined.  In 
the  fifth  copepodid  stage  the  male  rostrum  is,  however,  symmetrical. 
Another  unusual  asymmetry  found  only  in  the  adult  male  is  evident 
in  the  modification  of  the  outer  spines  occurring  on  the  exopod  of  the 
right  first  leg  (Plate  Y,  Fig.  5).  These  are  broader  and  more  leaf-like 
than  the  regular  outer  spines  found  on  the  other  swimming  legs 
(Plate  Y,  Fig.  4). 

REMARKS 

It  has  been  shown  by  different  workers  that  the  nauplius  larvae 
of  marine  copepods  belonging  to  the  same  genus  are,  as  one  might 
expect,  strikingly  similar,  and  may  in  some  instances  be  identical,  as 
is  shown  by  Oberg  (1906)  and  (iurney  (1931)  for  Acartin  lonvircmis, 
A.  bifilosa,  and  A.  clausi. 

In  view  of  the  great  likeness  found  in  the  larva-  of  related  copepods, 
the  two  larva'  herein  described  are  doubtless  typical  of  the  genus 
Labidocera  and,  perhaps  with  some  modifications,  of  the  whole  family 
Pontellidx.  Thus  far,  however,  we  have  information  on  only  three 
genera  of  the  group,  namely,  Labidnccra,  Epilabidocera  (syn.  Para- 
labidocerd),  and  Poutclln  (incomplete).  The  larva*  of  the  present 
species  of  Labidocera  arc  very  similar  to  the  corresponding  stages  of 
Epilabidocera  amphitrites  recent  1\  described  (Johnson,  1934ft),  and 
judging  from  the  few  figures  given  by  Clans  (1893)  for  P  on  tell  a  nictii- 
terranea  there  appears  to  be  here  also  essential  agreement  as  to  type. 
An  elongated  body  is  common  to  the  three  genera,  though  much 
ai  ' entuated  in  Pontclla.  The  arrangement  and  type  of  caudal  arm- 
ature  is  the  same  in  the  investigated  species  of  Labidocera  and  Rpi- 
Inlmtlin  mi,  and  agrees  with  P.  mediterranea  but  for  the  exaggerated 
size  of  the  left  terminal  spine  in  the  latter.  The  first  antenna-  of  the 
three  g<  in  ia  agree  as  to  segmentation  and  shape  and  the  armature  of 
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PLATE  V 


Labidocera  trispinosa  and  L.  jolloe, 

FIG.   1.  L.  Irisptnosa,  adult  female,  dorsal. 

FIG.  2.  L.  trispinosa,  adult  male,  dorsal. 

FIG.  3.  L.  jolltf,  adult  male,  dorsal. 

FIG.  4.  L.  joll(E,  adult  male  left  first  leg. 

FIG.  5.  L.  jollce,  adult  male  exopod  right  first  leg. 

FIG.  6.  L.jolla;,  adult  male  head,  lateral. 

FIG.  7.  L.jolla;,  female  copepodid  V  posterior  end,  dorsal. 

FIG.  8.  L.jolla;,  adult  female  posterior  end,  dorsal. 


41 S 


MARTIN  JOHNSON 


< 
s 

to 


-. 

— 

CC 


e 
^ 


to 

3 

• 


^ 
- 


SO    10     JL 

r~  10    i 

- 

1/5 

r 

-       'So 

5  "H    r 

'So 
—  -^   u 

x 

>, 

•^ 

^^* 

"^ 

cs    E 

cs   £ 

CS 

CS 

^ 

(L> 

u 

1 

-f 

CS 

1^        —  i    a> 

—     cS    CS 
CO     I*    +J 

3     tf    ~     <U 
•  —    u    3    in 

~    o  ,  
in  "C    >    cs 

>       ~  S 

cs    2   S    « 
o   a)  — 

m  T3    >    r3 

3 

in 

udinien 

udinien 

•a 

3 

udinien 

^ 

K 

K 

PQ 

W 

soro    ^ 

in  "c3 

o 

sO 
Ol 

—           CO 

3  -a  c 

—     3     C     0> 

^   —  j 

u 

• 

• 

.   -  —   ; 

_2  "~ 

cB 

> 

C: 

O 

*">           r3    cj 
—  _    i-    t" 

§2 

"-_"   i- 

S 
V 

o 

r    

o 

,      (      C^      fcj 

r~ 

CS 

d 

=     i2    =     « 

)    O    - 

(«  ~    >    be 

cS 
t« 

3     ^^    O 
•  —           o 
in  -H  ,3 

-a 

-o 

3 

T3 

3 

*^^ 

< 

< 

^ 

CQ 

PQ 

^^   ^O      ' 

Ui 

in 

ON 

—             CS 
—   — 

fN 

i_t 

x  ™  c 

f} 

Jj     c     ~     <U 

_(-__    — 

_ 

O 

O 

O 
10 

"~          cs    <y 
~  _    u    in 

O) 

- 

O 

0 

cS    J-  — 

o 

^^ 

CN 

CM 

-    in    s    cS 

,_ 

C 

c 

.  —                 ^- 
in  "O    £*    bo 

CS 
in 

in 

-r 

3 

— 

3 

< 

< 

•^ 

PQ 

CQ 

-,_(     i     O) 

O)              U      c    '  —  ' 

^     jf    3   "« 

J^ 

o 

2  73     cs  ^C    S? 
3J     3     3     ~    •  = 

C    „     — 

•  —     Cg     _ 

T3  a    -  c 

C^J 

^N 

''•    ":    ~    aj  -^ 

3    ty)    iu    QJ 

- 

0 

o 

1 

0 

—        n    = 

5  -  cs  o  i; 
—  t/i  i_  x  ^ 

pi.ii 

0) 

O 

rt 

cS  -o    5    '' 
3    a> 

"z-f.                        '  •"       (/) 

-5|   1   *•"§ 

-r 

O 

o 

o 

"*""*  c^j    ^    be  ^ 

U2 

en  cs  —  J^ 

3 

-t 

*^ 

— 

CQ 

fj"  '^    O 

QJ      U 

, 

^- 

S  -o  Sfi 

'  n    T^ 

O 

~ 

«    E  .2 

in    cs    i- 

Sf^o 

•—  1 

? 

i 

0 

C,  „     ^^     '  *•" 
w    rt    ^ 

U 

•O    "> 

S  -   £ 

o 

o 

c 

c 

— 

o 

r~      Q      ,_ 

O 
^D 

ho         " 

s  -c  -o 

o 

C:' 

(U             S     C 

cd 

033 

»-''—•>  *J^ 

C/3 

•   cs   <u 

0 

-r 

•a 

3 
OJ 

^^ 

15 

- 

2 

o 

1 

c 

1 

—    in 

r3    cy 

^     3 

o 

0 

o 

o 

^o 

i_  ^ 

3  .3 

4-H 

QJ          Q^ 

in    CM 

o 

—    /. 

r<5 

in 

a 

a 

2 

S 

in 

'i 

. 

'«, 

a 

bo 

OJ 

t»» 

•<•* 

w 

"c 

~g 

4J 

"D 

—  i 

•• 

"*~i 

3 

cs 

3 

• 

• 

• 

• 

^~ 

O 

*-^, 

I    ^ 

K^ 

>-*j 

rt 

cS 

•  p 

U 

(U 

E 

."3 

CS 

"O 

in 

JS 

. 

rt 
,  ,    C  - 

* 

I— 

X 
CS 

s 

u 

a 

•o 

S 

' 
3 

<u 

^ 
c 

4-> 

in    C 
u     iu 

iZ  c  - 

^   S 
-j   - 
/.   c 

O    a; 

"rt 

TJ 
3 
C8 

in 

"H 

O 

'x 

cS 

cS 

4-* 

in 

"*• 

in 

CJ 

UH 

C/) 

s 

iZ 

THE   DKVKLOI'MKXT  (>!•    LAI',1 1)(  K'KRA 


w 


•8 

-»-A 

S 


o  "b 

o  *b 

CN   t~- 

t—   ON 

00  ** 

NO    CO 

£~* 

CN    CN 

CN    CN 

o  b 

t^ 

1        1 

1        1 

^> 

^> 

NO 

CN    -^ 

>o 

^> 

^^       '"t^ 
10     ^H 

ON  NO 

^   O 

.~ 

C 

C 

CN   «N 

oi  CN 

t/3 

en 

en 

o 

o  'b 

NO 

O  OO 

CD 

CD   £"** 

o  "b 

^ 

CN 

CN    «-< 

K-^ 

^ 

NO 

CN    PO 

"0 

i^» 

^ 

I        1 

HH 

Z-, 

CH 

CD 

ON    t-» 

c 

C 

C 

CN 

*—  (       T—  ( 

^^ 

en 

en 

•<•+<  T3 

o  "b 

o  "b 

-   O 

CD    ^O 

1- 

•^  ^ 

IO   "^ 

> 

^H°    ^H' 

v—t       v—t 

" 

h—  I 

NO 

01 

10 

f~ 

-rf  "S 

•41   PO 

•^>   IO 

i—  ' 

>—  ' 

CIO 
x-~x 

PO  CN 

r<->  ro 

c 

C 

CM   "73   "O 

• 

•  ^* 

*  •"• 

^-    C     CU     - 

en 

cn 

i  —  l 

a  "^ 

10 

~ 

CN 

"O    u 

^ 

•71 

•71 

NO 

^_ 

10 

,^ 

'*l   -"     u' 

'—' 

PO 

0 

HH 

"  ^/  ^  ^.   03 

0 

CN 

C             r^ 

^ 

C 

c 

^-C     (U 

en. 

en 

^^     S 

ON 

§ 
ON 

en    ^J2 

u   cu   2 

2  %£ 

8  «^ 

cj    U    O 
O           0 

"2  i 

ro    0> 

-a  _c 

_ 

O 

O.  u    ac 
US     C 

c        ^ 

IO 

,  , 

10 

^ 

1*3 

O 

10 

—    03  .  M    ^-< 

'O 

CN 

CD 

IO 

OO 

CD 

i  s  s-f 

O    en    u    # 

en    cu  -C    u 
0    <n    a  a 

^•5  CT 

en    J.    * 

en     '     "* 

-a 

a>   <"  -^ 

o 

O 

o    u    o 

80  o 

^O     J>, 

10 

10 

NO 

0           0 

o 

"S  ^ 

l  l 

o 

o 

C           M 

Ml 

o  c 

•* 

^H 

«* 

NO 

CN     § 

00 

ON 

** 

O 

o 

IO 

CD 

cd       -  —  i   -^ 

H    en    rt    C 
on    tu  J=    « 

1-     en  "c5    C 
In    eu  JS    JO 

^.a# 

11 

en     >- 

Q 

e 

a 

(^ 

0 

o 

s: 

$5 

en 

s: 

'•S, 

-S 

•§, 

o 

en 

C 

-S, 

« 

to 

4-1 

•  *•> 

*^^* 

•*-) 

•**» 

—  ^ 

C 

cu 

B 

be 
<u 

V. 

"5 
•*•> 

^ 

^ 

^ 

^ 

SD 

CO 

^-J 

^J 

^^ 

a) 

rr 

_ 

C 
rt  i 

c 

CO 

"S 

c 
a. 

3   C 

C 

» 
>• 

0 
03 

£ 

Thoracic  ! 

Abdomina 

Mandib- 

03    OJ 

3  £ 

w 

en 

CU 

a. 

en 
M 
CU 

420  MARTIN  JOHNSON 

at  K-.ist  the  species  of  Labidocera  and  Epilabidocera  is  essentially  the 
>amr.  The  number  of  ventral  marginal  setae  is  the  same  in  all  three 
species,  but  /•'..  amphitrites  possesses  a  total  of  eight  dorsal  marginal 
set;r,  as  opposed  to  seven  in  L.  jolUf  and  six  in  L.  trispinosa.  An 
alternation  of  long  and  short  seta'  in  the  dorsal  marginal  series  is 
common  to  all  three  species.  It  is  also  characteristic  of  the  living 
larva'  of  all  three  specie?  to  hold  the  first  antenna1  extended  straight 
forward  and  in  contact  when  not  swimming. 

In  Tables  I  and  II  are  given  the  characters  mo-t  useful  in  identi- 
fication of  the  various  nauplius  and  copepodid  stages. 

SUMMARY 

1.  The  developmental  stages  of  Lnbidocera  trispinosn  and  L.  jolhv 
are  described  and  figures  given. 

2.  Each  species  passes  through   the  typical  six  nauplius  and  six 
copepodid  stages. 

3.  It  is  probable  that   in   the  first   nauplius  stage  the  species  are 
indistinguishable. 

4.  In  the  adult  condition   the  species  are  sharply  distinguished, 
but  during  the  second  to  sixth  nauplius  stages  and  during  the  first 
copepodid  stage   they  are  separable  only  by  small  but  yet  definite 
specific  characters,  the  most  useful  of  these  being  the  type  of  masti- 
catory hook  occurring  on  the  second  basipod  of  the  second  antenna. 

5.  Specific  identification  of  the  nauplius  larva-  was  established  by 
experimentally   rearing   the   sixth    nauplius  stage   through    metamor- 
phosis. 

6.  Tables   I   and    II   are  given   to  facilitate  identification   of   the 
nauplius  and  copepodid  stages. 

7.  The  nauplius  larva'  of  f^ihitloicni  are  very  similar  to  the  larva? 
of  Epilabidoceni  and  are  believed  to  typify  the  nauplius  larva-  of  at 
least  other  nearly  related  genera  of  Pontellid;e. 
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MORPHOLOGY   OF   GONYOSTOMUM    SEMEN 
!  ROM    WOODS   HOLE,    MASSACHUSETTS 

I  KAXriS  DROUET  AND  AARON  COHEN 

( l-'roni  the  Departments  of  Botany,  Marine  Biological  Laboratory,  University  of  .Missouri, 

and  Harvard  University] 

The  rarely  observed  flagellate,  Gonyostomum  Semen  (Ehrenb.) 
Diesing,1  was  collected  during  July,  1934  in  a  plankton  haul  from  a 
sphagnum  swamp  near  Woods  Hole,  Massachusetts,  by  Miss  Hannah 
T.  Croasdale.  The  swamp  is  one  of  a  number  of  sphagnum  bogs 
found  on  Cape  Cod  and  the  nearby  islands.  Peculiar  to  it  is  a  dense 
growth  of  the  white  cedar,  Chamcscyparis  thyoides  (L.)  BSP.,  various 
species  of  Ericacea-,  etc.,  which  extend  throughout  the  broad  shallow 
margin  to  the  edge  of  a  pond  in  the  center.  The  locality  is  commonly 
referred  to  by  residents  of  Woods  Hole  as  the  Cedar  Swamp.  It  is 
situated  about  a  quarter  of  a  mile  east  of  the  village  on  Nobska  Road. 

The  waters  of  the  pond  appear  brownish  even  in  thin  layers  in 
transmitted  light  and  are  almost  black  in  reflected  light.  Miss 
Croasdale,  who  made  monthly  pH  determinations  during  the  past 
four  summers  (1931-1934)  in  open  water  in  various  parts  of  the  swamp, 
says  that  the  pH  remains  consistently  between  4.4  and  4.6.  Our  own 
determinations  made  during  the  summer  of  1(>34  lie  within  this  range. 
The  bottom  of  the  pond  is  covered  with  decomposing  vegetable  debris 
in  a  finely  divided  state,  so  that  even  when  slightly  agitated  the  water 
becomes  opaque.  The  southern  part  of  the  pond,  where  our  collec- 
tions were  taken,  is  shaded  for  most  of  the  day  by  the  dense  growth  of 
white  cedar,  etc.;  little  direct  sunlight  reaches  this  part  of  the  lake 
except  for  a  few  hours  at  midday.  Collections  taken  early  in  the 
morning  (seven  o'clock  Standard  Time)  invariably  contained  so  main 
individuals  of  Gonyostomum  that  the  brownish  water  became  green  in 
the  net  and  collecting  bottle.  Collections  taken  at  noon  or  thereabout 

1  GONYOSTOMUM  SEMEN  (Elirrnb.)  Diesing,  Sitz.-ber.  k.  Akad.  Wiss.  zu  Wicn,  52: 

J32.     1865. 
Mimas  Semen  Ehrenberg,  B<-r.  Vcrk.  k.  prciiss.  Akad.  U'iss.  in  Berlin,  1853:  l('l. 

1853. 
Rhaphidomonas  Semen  (Ehrenb.)  Stein,  Organismus  der  Infusionsthiere  3  (1). 

Taf.  XIII,  Fig.  6-12.     1878. 

Since  botanical  nomenclature  among  the  flagellates  begins  with  Linnaeus'  Species 
I'l-nitarnm,    1753,  according  to  the  decisions  reached   by   the   Third    International 
I'M. i. ini<  .il  ('•  mgress  (1910),  we  must  accept  the  earliest   valid  name,  Gcnyostnmitm 
•ng,  il  \\c  are  to  keep  the  group  separate  from  the  genus  Monas  Ehrenb. 
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brought  few  individuals  of  Gonyostomum,  but  many  rotifers  and 
trachelomonads.  These  observations  led  us  to  suppose  that  the 
organisms  are  heliophobic  and  that  a  diurnal  migration  takes  place  to 
and  from  the  deep  waters  according  to  the  intensity  of  the  sunlight 
which  strikes  the  surface.  Lemmermann  (1910),  on  the  other  hand, 
describes  Gonyostomum  Semen  as  'photophilic.'  Further  observations 
are  necessary  to  clear  up  this  matter. 

Collections  were  taken  by  pouring  approximately  five  gallons  of 
the  swamp  water,  uncontaminated  with  decomposed  material  from 
the  bottom,  through  a  net  of  No.  20  silk  bolting-cloth  and  straining 
until  200-300  cc.  of  the  liquid  remained.  This  quantity  was  poured 
into  wide-mouthed,  unstoppered  bottles  and  taken  at  once  to  the  lab- 
oratory. When  placed  in  diffused  light,  the  organisms  lived  in  an 
apparently  healthy  condition  for  two  or  three  weeks.  By  the  end  of 
this  period,  either  the  rotifers  had  consumed  all  of  the  individuals  of 
the  culture  or  other  changes  in  the  medium  became  so  pronounced 
that  the  remaining  Gonyostomum  cells  burst  or  encysted.  In  these 
cultures  in  the  laboratory,  division  and,  later,  encystment  of  the 
vegetative  cells  were  observed. 

The  literature  is  chiefly  vague  and  non-committal  concerning  the 
details  of  morphology  and  physiology  of  Gonyostomum  Semen,  as 
likewise  of  other  members  of  the  Chloromonadophyceye  (Chloro- 
monadida)  with  the  possible  exception  of  Vacuolaria  virescens  Cienk. 
(Cienkowsky,  1870;  Senn,  1900;  Biitschli,  1883).  Perhaps  this  lack 
of  information  is  due  to  the  apparent  rarity  of  the  organisms,  which 
have  been  reported  infrequently  since  their  first  recognition.  The 
actual  localities  for  which  we  find  our  species  previously  recorded 
are  three:  a  sphagnum  bog  near  Berlin  (Ehrenberg,  1853;  Stein,  1878), 
a  bog  near  Foliso  in  Finland  (Levander,  1894),  and  'Sphagneten' 
near  Seefeld  and  Larss  in  the  Tyrol  (Dalla  Torre  and  Sarnthein, 
1901).  Pascher  (1913)  says  of  its  distribution:  "In  stehenden  Ge- 
wassern,  Tiimpeln  und  Torfstimpfen;  verbreitet,  doch  vereinzelt." 
Even  if  others  have  observed  the  organism  at  other  stations,  Ehren- 
berg, Stein,  and  Levander  appear  to  be  the  only  workers  who  have 
contributed  to  our  previous  knowledge  of  the  species. 

These  authors,  and  compilers  of  works  on  the  flagellates  after 
them,  disagree  on  certain  important  details  of  morphology  and 
physiology  of  Gonyostomum  Semen.  The  flagella,  for  example,  are 
described  variously.  Ehrenberg  (p.  191)  says  "...  ciliis  pluribus 
vibrante."  Diesing  (1865),  who  obviously  did  not  see  the  organism 
himself,  remarks  of  the  genus,  "flagello  ignoto."  Stein  mentions 
and  figures  two  flagella,  one  projected  forward  and  one  trailing. 
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Levander  figures  only  the  forward-projecting  flagellum  and  does  not 
commit  himself  as  to  the  presence  of  a  trailing  one.  Similar  un- 
i.tinty  exists  concerning  the  long  slime-threads  produced  from 
trichocyst-like  rods  embedded  in  the  cytoplasm.  Lemmermann  and 
Pascher  place  upon  Levander  all  responsibility  for  the  idea  that  the 
-lime-threads  become  several  times  the  length  of  the  body  of  the 
organism.  We  find  the  following  statement  in  Ehrenberg's  original 
diagnosis:  "Facile  diffluendo  ovula  glandulam  et  spiculas  bacillares 
tenues  ostendit."  It  is  probable,  as  Kent  (1880)  has  pointed  out, 
that  Ehrenberg's  phrase  "ciliis  pluribus"  quoted  above  refers  to  the 
slime-threads  when  only  partially  discharged.  Likewise,  the  literature 
is  vague  or  contradictory  as  to  the  function  of  the  triangular  cavity 
and  the  nature  and  points  of  discharge  of  the  contractile  vacuoles. 
Cell  division  and  encystment  have  not  heretofore  been  described. 

MORPHOLOGY  OF  THE  VEGETATIVE  CELL 

In  shape  and  si/e,  the  vegetative  cells  of  Gonyostomum  Semen 
actually  vary  more  widely  than  other  authors  intimate.  Generally 
speaking,  the  cell  body  (Figs.  1  and  2)  is  ovoid  and  somewhat  flattened 
dorsoventrally,  with  a  short,  cylindrical,  more  or  less  pointed  caudus 
at  the  posterior  end.  The  dorsal  surface  may  be  ovate,  obovate, 
ovate-lanceolate,  obovate-lanceolate,  or  almost  lanceolate  or  circular 
in  outline,  1-2. ,5  times  as  long  as  broad  in  our  material.  In  contour, 
the  dorsal  surface  is  convex,  often  with  some  irregularities.  The 
ventral  surface  is  similar,  except  that  a  shallow  longitudinal  furrow 
extends  from  the  opening  of  the  triangular  cavity  to  the  posterior 
region  (Fig.  2).  This  furrow  may  be  lacking  in  the  more  rlattened 
and  nearly  circular  types,  as  also  in  the  extremely  lanceolate  types. 
In  side  view,  the  organism  appears  lanceolate  to  linear-lanceolate, 
with  the  widest  part  near  the  anterior  end.  Material  examined  an 

EXPLANATION  PI.ATK   I 

FK..  1 .  Vegetative  cell  of  Gonyostomum  Semen,  ventral  surface,  showing  the  two 
flagella,  the  chromatophores,  the  triangular  cavity,  the  trichocyst-like  rods,  and  the 
position  of  the  nucleus.  X  944. 

FIG.  2.  Diagrammatic  representation  of  side  and  ventral  views  of  the  vegetative 
cell.  The  ventral  groove  and  positions  of  flagella  are  indicated.  X  944. 

Kir,.  3.  Diagrammatic  drawing  of  a  cell  mounted  in  1  per  cent  acid  fuchsin, 
showing  the  slime  threads.  X  377. 

1- u;.  4.  Trichocyst-like  rods  discharged  into  the  medium  when  the  cell  is 
mounted  in  very  dilute  aqueous  acid  fuchsin.  X  2833. 

IMG.  5.  Nucleus  as  stained  with  cotton  blue  by  ManevaPs  technique.  The 
large  endosome-like  bodies  and  deeply-staining  granular  matrix  are  shown.  X  944. 

FIG.  17.     Young  cyst,  showing  the  thin  gelatinous  sheath.      X  708. 

I  u..  18.  Older  cyst,  with  thick  sheath,  few  chromatophores,  and  much  oil. 
X  708. 
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hour  after  collection  from  the  Cedar  Swamp  exhibited  as  a  rule  an 
abundance  of  the  more  lanceolate  types  (as  seen  in  dorsal  view);  after 
a  day  or  t\v<>  of  standing  in  the  swamp  water  cultures  in  the  laboratory, 
the  organisms  became  more  flattened  and  consequent ly  broader  in 
dorsal  outline,  so  that  almost  circular  cells  were  often  observed;  and 
the  lanceolate  types  were  indeed  rare.  In  dorsal  view,  as  also  in 
ventral  view,  the  anterior  end  is  somewhat  two-lipped,  with  the  opening 
of  the  triangular  cavity  between  the  lips.  Levander  notes  that  the 
left  lip  (as  seen  in  ventral  view)  is  higher  than  the  right  lip,  an  ob- 
servation which  holds  true  in  our  material.  Under  certain  external 
conditions,  the  caudus  disappears  entirely;  and  an  organism  the  shape 
of  Vacuolaria  virescens  results.  Under  pressure,  or  in  viscid  media 
such  as  0.5  per  cent  agar  or  quince  jelly  as  prepared  by  Turner  (1917), 
the  organisms  become  amoeboid  (Fig.  6).  From  the  above  description, 
it  is  obvious  that  the  cell  has  no  definitely  fixed  shape  as  has  Chlamy- 
domonas  or  Peridinium;  the  organism  may  be  described  as  metabolic, 
with  an  ability  to  change  shape  in  response  to  a  change  in  the  environ- 
ment similar  to  that  of  Euglena  or  Peranema. 

Ehrenberg's  original  diagnosis  of  Monas  Semen  describes  the 
organism  as  having  a  length  of  1/48  line  (ca.  45  /u).  Levander  cites 
the  length  as  80  ju  and  the  greatest  breadth  as  34  /u.  Stein,  and  sub- 
sequently Kent,  Lemmermann,  and  Lindau  and  Melchior  (1926)  say 
44-63.5  n.  In  one  hundred  random  measurements  of  individuals 
made  on  various  cultures  during  our  observations,  we  have  found  that 
the  size  varies  far  beyond  the  above  described  limits.  The  largest 
individuals  observed  in  our  material  measured  92  /z  X  69  /z;  the 
smallest  36  /u  X  23  /u.  Among  these  hundred  cells,  approximately 
three-fourths  of  the  measurements  lay  between  40-80  /u  X  30-60  /u. 
Of  the  entire  number  the  average  length  was  62.5  /u  and  the  average 
width  41.4  fjL.  It  is  probable  that  under  environmental  conditions 
other  than  those  to  which  the  cells  were  subjected  by  us  the  extremes 
of  size  may  be  greater  than  our  measurements  indicate. 

The  nucleus,  though  obscured  by  other  cell  contents  in  the  living 
cell,  is  easily  observed,  when  the  organism  bursts,  as  an  ovoid  or 
subglobose  body  about  one-fourth  the  length  of  the  cell.  It  is  found 
(in  stained  preparations)  in  the  center  of  the  cell,  tin  nigh  sometimes 
to  one  side  of  the  center  or  definitely  in  the  posterior  region.  Stein 
figures  the  nucleus  as  containing  a  single  deeply-staining  body  (the 
endosome)  in  its  center  surrounded  by  a  well-delimited  vesicle  con- 
taining granular  chromatic  material.  Levander  states  that  the  nucleus 
contains  such  chromatic  filamentous  structures  as  are  seen  in  Peri- 
(lininnt.  Our  material,  killed  in  0.5  per  cent  osmic  acid,  preserved  in 


GONYOSTOMUM  SEMEN  FROM  WOODS   HOLE  427 

2  per  cent  formalin  solution,  fixed  in  very  dilute  chromo-acetic  acid, 
and  stained  in  Delafield's  haematoxylin,  shows  the  nucleus  as  a  well- 
delimited  vesicular  body  containing  several  to  many  almost  spherical, 
deeply-staining  bodies,  each  1..S  //  or  less  in  diameter,  distributed 
through  a  coarsely  granular  matrix.  No  one  or  two  of  these  can  be 
distinguished  from  the  rest  as  true  endosomes,  such  as  Stein  figures 
for  Gonyostomum  Semen  and  Biitschli  describes  in  Vacuolaria  virescens. 
Slides  prepared  by  Dr.  W.  E.  Maneval  from  the  material  fixed  in 
osmic  acid  and  preserved  in  formalin,  and  stained  as  temporary 
mounts  -  with  cotton  blue  or  as  semi-permanent  mounts  with  a  mixture 
of  cotton  blue  and  acid  fuchsin,  demonstrate  this  structure  even 
better  (Fig.  5).  It  is  not  improbable,  however,  that  the  formalin 
produces  anomalous  granules  in  the  nucleus.  In  material  which  is 
dried  on  the  slide  before  staining,  the  detailed  structure  of  the  nucleus 
is  often  obscured  by  the  overlying  chromatophores  and  trichocyst-like 
rods.  No  evidence  of  a  filamentous  structure  of  the  nucleus  was  seen. 
No  material  was  sectioned  and  stained. 

The  cytoplasm,  as  seen  in  the  living  cell,  is  hyaline,  finely  granular, 
and  without  evident  vacuolar  structure.  In  the  periphery  of  the 
cytoplasm  and  sometimes  throughout  the  mass,  lie  the  contractile 
vacuoles,  the  chromatophores,  and  the  trichocyst-like  rods.  The 
outer  layers,  in  the  living  state,  exhibit  no  conspicuous  alveolar  struc- 
ture as  that  which  Senn  describes  and  figures  in  Vacuolaria  virescens. 
Yet,  when  a  cell  bursts  or  is  stained  without  preliminary  drying,  as 
with  Maneval's  stains  described  above,  the  cytoplasm  in  which  the 
chromatophores  etc.  are  embedded  appears  less  viscous  and  less 
granular  than  that  immediately  surrounding  the  nucleus. 

At  the  anterior  end  of  the  organism,  a  duct  opening  to  the  outside 
leads  into  a  cavity  in  the  cytoplasm  usually  described  as  triangular  in 
optical  longitudinal  section  (the  'dreieckige  Blase'  of  Lemmermann 
and  of  Pascher).  Oltmanns  (1922)  describes  this  cavity  as  "von  der 
Form  eines  breiten  Kegels  (sie  erscheint  im  Schnitt  dreiseitig)."  In 
our  material  the  cavities  are  somewhat  flattened  dorsoventrally  and 
vary  in  shape  from  one-third  as  wide  as  long  (in  ventral  view  of  the 
cell)  to  twice  as  wide  as  long.  The  function  of  this  cavity  is  not  as 

2  The  material  is  mounted  directly  in  the  following  solution  (Maneval):  15 
parts  of  5  per  cent  phenol,  4  parts  of  glacial  acetic  acid,  and  1-3  parts  of  a  1  per  cent 
aqueous  solution  of  cotton  blue.  For  the  semi-permanent  mounts,  a  modification  of 
Amann's  lacto-phenol  (Maneval)  was  used:  20  grams  of  phenol,  20  cc.  of  lactic  acid, 
and  40  cc.  of  glycerine  are  dissolved  in  20  cc.  of  water.  To  this  20  per  cent  by  volume 
of  glacial  acetic  acid  is  added.  Finally,  equal  parts  of  1  per  cent  aqueous  cotton  blue 
and  1  per  cent  aqueous  acid  fuchsin  are  added  to  the  mixture  in  quantities  suitable 
for  the  type  of  staining  preferred. 
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yet  clearly  understood.  Morphologically,  the  triangular  cavities  of 
Gonyost&mum  Semen  and  of  Vacuolaria  flagellata  (Stokes)  Semi 
(Stokes,  1886  and  1888;  Senn,  1900)  may  be  homologous  with  the  so- 
called  'flagellar  pits'  of  Thaumatomastix  selifera  Lauterb.  and  of 
Vacuolaria  virescens  Tienk.  (Lauterborn,  1899;  Cienkowsky,  1870; 
Biitschli,  1883;  Senn,  1900).  In  the  works  on  the  flagellates  cited  at 
the  end  of  this  paper,  one  is  given  the  impression  that  the  contractile 
\acuoles  discharge  into  this  cavity.3  Various  observations  of  our 
own,  insufficient  at  present  for  definite  conclusions,  indicate  that  this 
supposition  is  plausible.  However,  other  observations  indicate  that 
the  contractile  vacuoles  discharge  through  the  outer  cell  membrane. 
The  development  of  triangular  cavities  in  dividing  cells  is  described 
below. 

One  large  contractile  vacuole,  said  by  Levander  to  contract  about 
once  every  minute,  is  present  in  the  cytoplasm  somewhere  in  the 
vicinity  of  the  triangular  cavity.  Levander  places  it  "am  Ende  des 
Geisselkanals,"  though  in  our  material  it  is  more  often  found  nearer 
the  outer  cell  membrane  than  the  cavity.  Smaller  contractile  vacuoles 
were  observed  in  some  individuals  scattered  through  the  anterior 
cytoplasm.  These  appear  to  coalesce  sooner  or  later  and  finally  to 
empty  into  the  large  anterior  vacuole.  Whether  the  large  vacuole 
discharges  at  length  through  the  outer  cell  membrane  or  into  the  tri- 
angular cavity,  we  cannot  at  present  be  certain. 

The  chromatophores  are  small  ovoid  bodies  of  a  peculiarly  bright 
green  color — the  maigriln  of  German  authors.  As  in  other  chloro- 
monads,  the  chromatophores  of  Gonyostomum  Semen  become  a  dull 
blue-green  in  color  when  treated  with  a  dilute  acid,  e.g.,  5  per  cent 
HC1,  a  reaction  (Pascher,  Senn)  indicative  of  the  presence  of  an  excess 
of  xanthophyll.  The  chlorophyll  (I'ascheri  is  thought  to  be  of  a 
chemical  composition  somewhat  different  from  that  encountered  in 
other  flagellates  and  green  plants.  The  chromatophores  are  arranged 
peripherally  in  the  cytoplasm  over  the  entire  body  of  the  organism 
with  the  exception  of  the  caudus.  Red-pigmented  bodies  (eye-spots, 
stigmata)  are  apparently  absent. 

No  starch  or  starch-like  sub-Limes  which   produce  a  blue  color 

3  Oltmanns  speaks  of  the  function  of  the  cavity:  "Sie  ist  selher  nirht  konlraktil, 
steht  a  her  mil  pulsierenden  Vakuolen  in  Yerbindung,  die  wohl  in  sie  einmiinden. 
Die  Sache  erinnert  an  Euglenen  und  an  Peridineen."  Likewise,  Senn  remarks: 
"  I'.ci  anrleren  Formcn  .  .  .  (Rhaphidomonas  und  Thaumatomastix)  hat  sich 
eine  constant  vorhandene,  nach  aussen  olTene,  nicht  mehr  pulsierende  Ha upt vacuole 
ausgebildet,  in  welche  sich  die  seitlich  entstehenden  Nebenvacuolen  abwechselnd 
mi  Iccit-n  Tig.  125)."  The  figure  cited  illustrates  the  vacuolar  system  of  'I'hauma- 
lomaslix,  redrawn  from  Lauterborn. 
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when  treated  with  iodine  were  found  in  the  cells.  Oil  occurred  as 
slight!}'  amber-colored  globules  distributed  through  the  cytoplasm  of 
cells  observed  shortly  after  collection  from  the  Cedar  Swamp.  As 
the  laboratory  cultures  became  older,  the  oil  droplets  grew  larger  and 
more  conspicuous,  especially  in  the  broader  and  more  flattened 
individuals.  Often  one  or  two  large  irregular  oil  bodies  comprised 
half  the  length  of  the  cell  and  measured  one-third  to  one-half  as  wide 
as  long  in  optical  section.  Since  these  conspicuous  droplets  were  not 
seen  in  small  individuals  which  showed  evidence  of  recent  or  future 
division,  it  is  supposed  that  they  indicate  a  pathological  condition  of 
the  protoplasm.  Similar  production  of  excess  oil  under  unfavorable 
cultural  conditions  was  observed  by  Bohlin  (1897)  in  Chloramceba 
heteromorpha.  Treatment  with  0.5  per  cent  osmic  acid  for  a  week  or 
more  at  room  temperature  blackens  the  oil  droplets  entirely.  A 
saturated  alcoholic  solution  of  Sudan  III  causes  the  cells  to  burst  and 
allows  the  droplets  to  lie  free  in  the  medium;  these  droplets  absorb 
the  Sudan  III  readily.  When  organisms  killed  in  the  fumes  of  osmic 
acid  are  allowed  to  dry  on  the  slide,  the  oil  globules  are  easily  discerned 
in  the  dried  cells.  If  a  drop  of  xylene  or  Canada  balsam  is  placed  on 
the  material,  the  oil  globules  disappear.  Cells  fixed  by  other  agents 
likewise  lose  the  oil  droplets  when  mounted  in  xylene  or  balsam. 
Levander  records  the  finding  of  paramylon  4  in  the  cells  of  Gonyo- 
stomum  Semen.  He  gives  us  no  reason  to  suppose  that  he  investigated 
the  chemical  nature  of  these  bodies  in  the  painstaking  manner  employed 
by  Biitschli  (1906)  on  the  paramylon  bodies  of  certain  Euglenophyceae. 
Two  flagella  are  present,  each  as  long  as,  or  longer  than,  the  body 
of  the  organism.  The  one  projected  forward  (tractellum)  is  attached 
to  the  inner  wall  of  the  duct  leading  from  the  triangular  cavity.  The 
insertion  of  the  trailing  flagellum  (pulsellum)  has  not  been  determined; 
however,  if  it  were  inserted  on  the  wall  of  the  duct  its  basal  portion 
would  surely  have  been  seen  there.  It  is  probably  attached  to  the 
cell  membrane  near  the  anterior  end  of  the  ventral  groove,  as  Stokes 
has  recorded  in  Vacuolariaflagellata.  As  Levander  has  already  noted, 
the  organism  progresses  forward  in  a  slow,  spiral  course,  the  basal 
portion  of  the  tractellum  projected  directly  in  advance,  moving  little 
if  at  all,  the  apical  portion  spiralling  so  rapidly  that  it  is  invisible 
until  the  organism  has  come  to  rest.  Then,  when  the  cell  is  quiescent, 
such  as  following  the  addition  of  very  dilute  acid  fuchsin  (1  drop  of 
1  per  cent  aqueous  acid  fuchsin  in  50  cc.  water)  to  the  mount,  both 

4  To  quote  (p.  34):  "An  der  Dorsalseite  des  Vorderendes  sah  ich  cifters  einige 
ganz  minimale,  ringformige  Korner,  die  wohl  Paramylum-korner  waren." 
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Hagella  can  be  observed.  The  pulsellum  was  never  seen  in  its  entirety 
and  is  therefore  shown  in  Fig.  1  as  shorter  than  the  tractellum.  In 
the  dilute  acid  fuchsin,  the  vibratile  portion  of  the  tractellum  lashes 
back  and  forth  in  slow  spirals;  the  pulsellum  often  leaves  the  ventral 
groove  and  is  projected  outward  or  forward.  The  attenuated  apical 
portion  of  the  tractellum  was  seen  also  by  carefully  focusing  the  oil- 
immersion  objective  when  dark-field  illumination  was  employed. 
Since  the  apical  parts  of  the  flagella  are  so  delicate,  an  almost  perfect 
dark  field,  free  from  foreign  particles  in  the  mount  and  from  scratches 
on  the  glassware,  is  necessary.  It  was  found  impracticable  to  stain 
the  flagella,  since  the  gelatinous  threads  discharged  from  the  tricho- 
cyst-like  rods  obscure  the  flagella  when  a  stain  is  applied.  Since  no 
microtome  sections  were  made,  basal  granules  and  other  structures 
of  a  kinetic  apparatus  remain  unidentified. 

No  cell  wall  is  present  about  the  organism.  The  cell  has,  as  a  rule, 
a  definite  shape  as  has  Englena;  only  under  certain  marked  departures 
from  the  usual  conditions  found  in  the  medium,  however,  does  the 
shape  change  as  rapidly  as  does  that  of  Ruglena.  The  protoplast 
itself  is  delimited  from  the  surrounding  medium  by  a  very  thin  plasma 
membrane,  which  does  not  separate  from  the  rest  of  the  cytoplasm 
when  the  organism  is  placed  in  concentrated  salt  solutions  like  chlor- 
zinc-iodine  (Nowopokrowsky,  1911),  as  does  a  cell  wall.  No  blue  or 
violet  color  appeared  during  treatment  with  this  reagent  to  indicate 
the  presence  of  cellulose  or  related  carbohydrates  in  the  membrane. 
When  the  liquid  beneath  the  cover-slip  dries  slowly  so  that  the  or- 
ganisms are  subjected  to  gradually  increasing  pressures,  the  cells 
become  amoeboid.  I'nder  such  pressures,  a  definite  and  distinct  line 
(or  membrane)  can  be  seen  delimiting  the  outer  cytoplasm  of  each 
lobe.  Sooner  or  later,  if  the  pressure  continues  to  be  increased,  the 
membrane  breaks;  and  the  organism  bursts  beyond  recognition. 
While  the  membrane  is  still  intact,  the  rlagella  move  slowly  or  remain 
stationary;  if  more  water  is  added  to  the  mount  (and  the  pressure 
thereby  diminished),  the  cell  regains  its  usual  shape  and  the  tlagella 
resume  normal  activity.  Amoeboid  cells  of  Gonyostomum  Semen 
were  found  in  a  medium  containing  0.5  per  cent  agar  in  swamp  water. 
In  such  cultures,  the  cells  lived  at  least  24  hours  with  the  chromato- 
phores  and  other  cell  structures  in  a  healthy  condition  and  with  the 
trichocyst-like  bodies  undischarged.  The  lobed  condition  here  is  due 
probably  to  mechanical  pressure  exerted  by  the  agar  on  the  surfaces  of 
the  cells.  Amoeboid  shapes  were  likewise  assumed  by  cells  in  the 
process  of  division,  as  described  below.  The  fact  that  Gonyostomum 
Semen  exhibits  such  'metaboly'  as  do  various  of  the  Euglenophyceae 
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affords  further  evidence,  though  indirect,  of  the  absence  of  a  true  cell 
wa  1 1 . 

Distributed  radially  in  the  peripheral  cytoplasm  are  rod-shaped 
bodies  (Fig.  1)  characterized  in  the  living  cell  by  their  ability  to  absorb 
large  amounts  of  dye  from  very  dilute  aqueous  solutions.  Ruthenium 
red,  Gram's  iodine,  acid  fuchsin,  methylene  blue,  methyl  green, 
safranin,  and  Delafield's  ha^matoxylin  are  a  few  of  the  dyes  absorbed 
in  this  manner.  As  Levander  has  stated,  the  rods  are  arranged  in 
dense  'palisade-like'  formation  in  the  anterior  half  of  the  cell,  and 
here  are  most  abundant  in  the  lobes  on  either  side  of  the  triangular 
cavity.  Toward  the  posterior  end  the  distribution  is  less  orderly  and 
less  abundant.  The  objects  appear  to  be  least  numerous  in  the  caudus, 
though  some  individuals  have  been  observed  to  possess  as  many  as 
ten  of  the  rod-like  bodies  here. 

When  a  very  dilute  solution  of  a  dye  (1  drop  of  1  per  cent  aqueous 
acid  fuchsin  in  50  cc.  water)  is  added  to  the  mount,  a  few  of  the  rods 
burst  suddenly  through  the  cell  membrane  and  become  elongated  into 
threads  of  slime  as  long  as  or  several  times  longer  than  the  body  of 
the  organism.  Others  come  through  the  cell  membrane  and  lie  free  in 
the  medium  as  club-shaped  bodies  (Fig.  4),  rounded  at  one  end  and 
pointed  at  the  other.  Others  remain  half  on  either  side  of  the  mem- 
brane, but  most  remain  in  their  original  positions  within  the  cytoplasm. 
In  any  case,  the  bodies  quickly  absorb  the  dissolved  dye,  whether  they 
are  inside  or  outside  the  cell.  When  more  concentrated  solutions  of 
dyes  (such  as  1  per  cent  aqueous  acid  fuchsin)  are  allowed  to  diffuse 
beneath  the  cover-slip,  the  rods  are  discharged  suddenly,  and  the 
slime-threads  produced  become  deeply  stained  at  once,  so  that  the 
cell  becomes  the  center  of  a  mass  of  radiating  gelatinous  threads 
(Fig.  3).  The  threads  often  appear  branched  and  en  masse  are  similar 
to  a  much-branched  fungus  mycelium  surrounding  the  cell,  as  de- 
scribed by  Levander.  When  discharged  in  a  salt  solution,  without 
the  addition  of  a  dye,  the  threads  are  difficult  to  see  except  at  their 
bases,  where  they  have  the  greatest  diameter  when  stained.  If  the 
cells  are  mounted  in  chlor-zinc-iodine,  the  rods  do  not  discharge,  as 
Scherffel  (1912)  has  described  in  Monomastix  and  Pleuromastix,  nor 
do  they  leave  the  cell  without  elongating,  as  Levander  has  described 
in  Gymnodinium. 

A  large  percentage  of  the  cells  treated  with  1  per  cent  solutions  of 
the  dyes  mentioned  above  burst  when  the  trichocyst-like  bodies  are 
suddenly  discharged.  It  is  supposed  here  that  the  membrane  sur- 
rounding the  protoplast  is  broken  as  the  rods  or  filaments  shoot  through 
it.  Scherffel  has  described  and  figured  visible  holes  in  the  cell  mem- 
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branes  of  Monomastix,  but  the  rods  in  that  organism  are  comparatively 
much  larger  and  less  numerous  than  those  of  Gonyostomum.  Often 
the  discharge  of  the  bodies  and  consequent  bursting  of  the  membrane 

vi(  c  I'crsti]  can  be  caused  by  pressure.  This  is  demonstrated  when 
a  thin  film  of  culture  medium  containing  the  cells  dries  on  the  slide. 
The  gradually  increasing  concentration  of  dissolved  materials  in  the 
medium  may  be  partially  responsible  for  the  bursting  or  discharge, 
I  nit  similar  results  are  obtained  when  the  organisms  dry  in  distilled 
water. 

The  bursting  of  the  cells  upon  the  addition  of  various  dissolved 
materials  introduces  the  greatest  difficulty  in  handling  Gonyostomum 
Semen.  Several  types  of  killing  and  fixing  agents  were  used  on  the 
cells  with  disastrous  results:  1  per  cent-95  per  cent  alcohol,  HgCl2 
(concentrated  solution  in  water  and  in  50  per  cent  alcohol),  chromo- 
acetic  acid  (1-10  drops  in  20  cc.  water),  Flemming's  solution,  and 
1  per  cent-3  per  cent  formalin  in  water.  Inverting  a  slide  containing 
a  drop  of  the  culture  solution  over  the  fumes  of  1  per  cent  osmic  acid 
met  with  the  best  success.  The  organisms  also  were  killed  satis- 
factorily when  an  equal  part  of  1  per  cent  osmic  acid  was  added  to  the 
medium.  Maneval's  nuclear  stain  5  proved  almost  as  successful  as  a 
killing  agent.  If  first  killed  in  osmic  acid  or  Maneval's  stain,  the 
cells  could  be  fixed  in  other  reagents  without  distortion  or  bursting. 
Difficulties  similar  to  those  encountered  in  fixing  and  staining  were 
met  with  also  in  transferring  from  one  culture  medium  to  another. 

When  a  collection  is  taken  from  the  Cedar  Swamp  and  left  standing 
in  a  jar  of  swamp  water  for  a  day,  many  of  the  organisms  fall  to  the 
bottom  of  the  jar  and  become  aggregated  there  in  a  gelatinous  stratum. 
A  piece  of  such  a  mass  under  the  microscope  appears  to  be  composed 
of  cells  of  the  usual  vegetative  structure  lying  in  a  gelatinous  matrix. 
\Vhen  stained  with  very  dilute  iodine  or  acid  fuchsin,  the  gelatinous 
material  is  seen  to  be  composed  of  mycelium-like  threads  such  as  those 
about  organisms  from  which  the  trichocyst-like  bodies  have  been 
discharged  because  of  .1  chemical  stimulus.  The  cells,  upon  close 
inspection,  contain  few  of  the  rod-like  bodies.  It  is  probable  that  tin- 
rods  are  discharged  because  of  some  change  in  the  chemical  or  physical 
nature  of  the  medium;  the  slime-threads  of  various  individuals  become 

6  A  variation  of  the  first  stain  described  in  footnote  2  of  this  paper:  60  parts  of 
5  per  cent  aqueous  phenol,  10  parts  of  30  per  cent  aqueous  FeCl:t,  20  parts  of  glacial 
acetic  acid,  and  15  parts  of  1  per  cent  aqueous  acid  fuchsin.  The  organisms  are 
ni'iimiol  e'in-ctly  in  this  solution.  If  the  staining  is  too  deep,  the  material  may  be 
drsi.iiiifd  to  i  IK-  desired  color  with  Amann's  lacto-phenol  (the  second  solution  of  the 
same  ! 'K.I  IK iic  without  the  dye  added). 
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enmeshed;  the  flagella  are  caught  in  the  gelatinous  mass  and  are  ren- 
dered f unctionless ;  and  the  organisms  sink  to  the  bottom  of  the  jar 
because  of  their  specific  gravity.  In  the  gelatinous  mass  the  pene- 
tration of  osmic  acid  and  stains  is  very  slow.  In  the  case  of  stains, 
at  least,  the  dissolved  material  is  absorbed  in  large  quantities  by  the 
outer  part  of  the  matrix.  Senn  (p.  104)  gives  us  the  impression  that 
such  gelatinous  coverings  are  produced  by  many  flagellates:  "Gele- 
gentliche  Ausscheidung  weicher  Gallerte  ist  bei  sehr  vielen,  besonders 
mit  Chromatophoren  versehenen  Formen  (Euglenaceae,  Chloro-  und 
Chrysomonadineae)  haiifig.  Durch  ungiinstige  Verhaltnisse  (Druck, 
Zusatze  von  Reagenzien)  treten  aus  dem  Periplasten  geschlangelte 
Gallertfaden,  die  durch  ihre  nachtragliche  Verquellung  die  Zelle  in 
einen  losen  Mantel  einhiillen.  Mit  dieser  gelegentlichen  Galler- 
tausscheidung  muss  auch  die  Bildung  von  Gallerthiillen  durch  Dauer- 
cysten  in  Beziehung  gebracht  werden."  In  Englena,  Klebs  (1883) 
described  the  slime-producing  bodies  as  being  attached  to  the  cell 
membrane.  In  Gonyostomum  Semen,  the  bodies  do  not  appear  to  be 
attached  to  the  membrane  nor  do  they  appear  to  be  attached  to  the 
membrane  in  Levander's  figures  of  Gymnodinium  or  in  Scherffel's  fig- 
ures of  Monomastix  and  Pleuromastix.  Whether  or  not  these  bodies 
in  the  green  flagellates  can  be  viewed  as  true  trichocysts  such  as  those 
described  by  Mitrophanow  (1905)  and  Schuberg  (1905)  in  Paramce- 
cium  and  other  Ciliata  remains  an  open  question. 

CELL  DIVISION 

Many  of  the  smaller  individuals  found  in  the  free-swimming  and 
the  gelatinous  conditions  described  above,  upon  being  treated  with 
nuclear  stains,  showed  the  presence  of  two  nuclei  within  each  cell 
(Fig.  7).  Other  individuals  exhibited  'swallow-tails'  (Figs.  8  and  9) 
at  the  posterior  ends.  These  peculiar  features  appeared  in  the 
cultures  regularly  during  midday  and  the  early  evening.  They  led 
us  to  look  further  into  the  matter  of  cell  division. 

Hanging-drop  cultures  of  swamp  water  were  constructed  and 
observations  made  almost  continuously  during  the  periods  11 :00  A.M. 
to  1:00  P.M.  and  6:30  P.M.  to  8:30  P.M.  Standard  Time.  A  large 
number  of  cells  were  seen  in  various  stages  of  division,  and  the  entire 
process  was  watched  in  several  individuals.  The  time  required  for 
complete  division  in  the  swamp  water  cultures  was  regularly  45-55 
minutes.  If  an  equal  quantity  of  quince-seed  jelly  were  added  to  the 
hanging-drop,  the  movements  were  slowed  down  and  the  time  re- 
quired for  the  process  lengthened. 

Division   is   longitudinal,  as   in   other   wall-less   Flagellata,   often 
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slightly  oblique.  The  cell  enlarges  in  transverse  section,  becomes 
more  metabolic  and  amoeboid  in  form,  and  loses  the  flattened  shape  so 
characteristic  of  the  vegetative  individual.  Usually  a  lobe  appears  at 
one  side  of  the  caudus,  so  that  two  'tails'  are  apparent.  From  each 
arm  of  the  triangular  cavity,  as  seen  in  ventral  optical  section,  an 
extension  of  the  cavity  is  sent  posteriorly  and  laterally  (Fig.  9).  At 
the  extremities  of  these  arms,  two  new  arms  are  pushed  out  at  angles 
to  each  other  into  the  cytoplasm  (Fig.  11).  These  enlarge  to  form  two 
new  triangular  cavities,  each  opening  into  the  original  one.  Accom- 
panying or  following  the  formation  of  new  cavities,  a  longitudinal 
furrow  extends  about  the  long  axis  of  the  cell  body,  beginning  with 
the  constriction  between  the  'tails'  or  at  the  anterior  end  in  a  plane 
bisecting  the  original  triangular  cavity  longitudinally  (Figs.  12-15). 
No  matter  at  which  end  it  is  first  evident,  the  furrow  soon  becomes 
conspicuous  at  both  ends  and  extends  rapidly  to  the  central  part  of 
the  body,  ultimately  constricting  the  mother  into  two  daughter  cells 
(Fig.  16).  The  flagella  move  vigorously  throughout  this  process,  and 
the  entire  body  of  the  cell  becomes  contorted,  exhibiting  much  'meta- 
bolic' activity.  New  flagella  appear  soon  after  the  anterior  end 
splits  in  division  (Fig.  14),  so  that  the  dividing  individual  possesses 
four  wildly  lashing  flagella,  seemingly  hastening  the  separation  of  the 
cells  by  pulling  in  different  directions.  The  new  triangular  cavities, 
as  may  be  readily  seen  in  Figs.  11,  12,  13,  and  15,  are  not  formed 
originally  at  the  anterior  apices  of  the  constricting  cells;  rather,  they 

EMM.  \N  \  I  H>\     OK     1'l.ATK     I  I 

FIG.  6.  Amoeboid  cell  body  produced  by  pressure  of  the  cover-slip  in  a  gradually 
drying  mount.  X  708. 

FIG.  7.  Two-nucleate  cell  found  in  swamp  water  culture  at  noon.  Fixed  in 
osmic  acid  and  stained  with  Delafield's  haematoxylin.  X  377. 

FIG.  8.  Cell  in  the  first  stages  of  division,  with  'swallow-tails'  at  the  posterior 
end.  X  377. 

FIG.  9.  Cell  with  elongated  and  '  lobrd  '  triangular  cavity  and  with  conspicuous 
'swallow-tails.'  C  472. 

FK..  10.  Cell  with  first  constriction  appearing  in  the  anterior  region,  instead  of 
in  the  posterior  as  in  Figs.  8  and  9.  X  472. 

FK;.  11.  Amoeboid  cell  in  division,  showing  the  triangular  cavities  of  the  daugh- 
ter cells  formed  at  the  base  of  the  cavity  of  the  mother  cell.  X  708. 

FK..  12.  The  same  cell  constricting  at  the  anterior  end.  This  constriction 
appears  to  bisect  the  triangular  cavity  of  the  mother  cell.  X  708. 

FIG.  13.     A  later  stage  in  constriction  of  the  same  cell.      X  708. 

I  ii..  14.  The  two  daughter  cells  attached  by  only  a  small  protoplasmic  con- 
nection, each  cell  bearing  two  flagella.  X  708. 

I  i'..  15.  Same  as  Fig.  14,  but  showing  the  two  cells  with  distinct  triangular 
cavities.  X  708. 

I  K..  16.     The  same,  with  the  daughter  cells  pulling  apart.      X  708. 
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first  appear  laterally,  and  by  the  splitting  of  the  original  triangular 
cavity  and  by  change  in  shape  of  the  daughter  during  the  later  stages 
of  division,  are  finally  (Fig.  16)  oriented  at  the  apex.  The  fate  of  the 
llagella  of  the  mother  cell  and  the  origin  of  the  flagella  of  the  daughters 
were  not  noted. 

As  pointed  out  above,  the  dividing  cells  were  primarily  those 
belonging  to  the  smaller  size  ranges  of  the  population,  though  a  few 
huge  flat  cells  appearing  as  the  culture  aged  exhibited  'swallow-tails.' 
These  latter  types  invariably  contained  large  irregular  oil  bodies  and 
possibly  were  pathological,  for  none  were  observed  to  proceed  further 
in  division.  Such  observations,  if  simulated  by  future  studies  in 
Gonyostomum  Semen,  may  provide  further  evidence  in  favor  of  Adolph's 
(1931)  contention  that  the  frequency  of  division  is  inversely  propor- 
tional to  protoplasmic  growth;  in  other  words,  the  larger  the  cells  in 
the  population,  the  smaller  the  frequency  of  division. 

ENCYSTMENT 

Encysted  cells  appeared  in  two-day-old  hanging-drop  cultures  of 
swamp  water  and  also  in  tightly  stoppered  swamp-water  cultures 
placed  for  several  days  in  the  dark.  In  the  latter  cultures,  the  en- 
cysted material  was  abundant  and  lay  in  yellowish  palmelloid  masses 
in  the  bottom  of  the  liquid.  Cultural  conditions  in  these  stoppered 
dishes  were  obviously  unfavorable,  for  the  cysts  here  exhibited  signs 
of  deterioration — the  production  of  much  oil  and  evident  disintegration 
of  the  chromatophores. 

In  the  hanging-drop  cultures,  young  cysts  appeared  as  spherical 
bodies  25-36  p.  in  diameter  and  surrounded  by  a  thin  hyaline  sheatli 
(Fig.  17).  In  some  specimens  the  caudus  could  be  distinguished  as 
an  actual  projection  of  the  spherical  body  until  the  sheath  had  grown 
to  several  microns  in  thickness.  The  older  cysts  (Fig.  18)  have  a 
thick  gelatinous  sheath  like  that  which  Cienkowsky  (1870)  has 
described  and  figured  for  \'<n  no/arid  virescens.  No  trichocyst-like 
bodies  were  apparent  in  these  older  cysts.  Henr.itli  the  sheath,  the 
peripheral  layer  ot  chromatophores,  main-  oil  globules,  and  several 
(1-3  in  our  ob-er\  at  ions  contractile  vacuoles  were  distinguished. 
These  vacuoles,  each  measuring  3  4  /j.  in  the  diastole,  were  observed, 
especially  in  the  young  cysts,  to  discharge  directly  through  the  cell 
membrane.  The  nucleus  was  not  identified.  In  old  cysts,  large 
clumps  of  dark  brown  material  appeared  in  the  cytoplasm.  The 
sheath  stains  intensively  with  ruthenium  red  and  other  dyes,  a  char- 
acteristic which  leads  us  to  suspect  that  pectic  substances  are  present. 
The  sheath  obviously  prevents  the  ready  passage  of  dissolved  dyes 
and  other  substances?)  into  the  included  protoplast. 
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Division  probably  occurs  in  these  encysted  cells.  Our  limited 
time  did  not  permit  such  observations  on  this  material. 

SUMMARY 

1.  The  chloromonad,  Gonyostomum  Semen  (Ehrenb.)  Diesing,  was 
collected   in   a   sphagnum   swamp   at   Woods   Hole,    Massachusetts, 
during  July,  1934.     The  organism  has  been  seen  so  rarely  since  it  was 
first  described  that  certain  morphological  features  of  the  vegetative 
cells  have  been  imperfectly  known,  and  cell  division  and  encystment 
have  not  previously  been  recorded. 

2.  The  vegetative  cells  are  flattened  dorsoventrally  and  vary  in 
shape  in  ventral  view  from  lanceolate  to  circular.     The  anterior  end 
is  two-lobed,  and  a  short  caudus  terminates  the  posterior  end.     No 
cell  wall  is  present:  the  cells  are  somewhat  metabolic  and  under  certain 
conditions  become  amoeboid.     The  extreme  size  measurements  of  a 
hundred  cells  were  36-92  AC  X  23-69  //.     On  the  ventral  surface,  a 
shallow  longitudinal  groove  runs  from  anterior  to  posterior  regions. 
Two  flagella  are  present,  one  projected  forward,  and  one  trailing  close 
to  the  cell  body  in  the  ventral  groove.     A  broadly  conical  cavity  lies 
in  the  anterior  cytoplasm  and  opens  to  the  outside  by  a  small  aperture 
between  the  anterior  lobes.     A  large  contractile  vacuole  is  seen  near 
this  cavity,  and  several  smaller  ones  may  be  present.     The  nucleus 
is  ovoid  or  subspherical  and  usually  located  centrally  in  the  cell.     Its 
structure  has  not  yet  been  clearly  shown.     The  chromatophores  are 
small,  ovoid,  and  arranged  peripherally  in  the  cytoplasm.     Oil  is  the 
product  of  metabolism,  and  under  obviously  unfavorable  conditions 
it  is  formed  in  large  quantities.     Many  hyaline  rod-like  bodies  are 
arranged   radially   in    a   peripheral    layer   in    the   cytoplasm.     These 
bodies  absorb  large  amounts  of  stains  from  very  dilute  solutions. 
Under  pressure,  or  upon  addition  of  chemicals,  these  bodies  shoot  out 
of  the  cell  and  usually  elongate  into  threads  of  slime.     They  act  like 
the   trichocysts   in   Paramce.cium   and   force    the    worker    to    exercise 
extreme  care  in  fixing,  preserving,  and  culturing  the  organisms. 

3.  Division  of  vegetative  cells  is  longitudinal;  it  occurs,  as  a  rule, 
only  among  the  smaller  cells  of  the  population.     Nuclear  division 
and  cytoplasmic  constriction  are  described. 

4.  Encystment  of  cells  was  observed  in  old  cultures.     Division  of 
encysted  cells  was  not  observed. 

We  are  indebted  to  members  of  the  Department  of  Botany,  the 
Service  Department,  and  the  Library  of  the  Marine  Biological  Lab- 
oratory, who  made  this  work  possible.  We  wish  to  express  our  grati- 
tude especially  to  Dr.  William  Randolph  Taylor  and  Dr.  W.  C.  Curtis 
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for  advice  and  criticism  during  preparation  oi  the  manuscript;  to 
Dr.  \V.  K.  Maneval  for  the  use  of  his  staining  formula'  and  for  his 
cooperation  in  staining  material  for  us;  and  to  Dr.  Hannah  T.  Croas- 
dale  and  to  many  others  at  Harvard  University,  the  University  of 
Missouri,  and  the  Missouri  Botanical  Garden  for  numerous  valuable 
services.  Specimens  of  Gonyostomum  Semen  from  Woods  Hole  have 
lieen  placed  in  the  Farlow  Herbarium  and  the  Herbaria  of  the  Marine 
Biological  Laboratory,  the  University  of  Missouri,  the  Missouri 
Botanical  Garden,  and  the  New  York  Botanical  Garden. 
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COMPARISON   OF   THE    REACTIONS   AGAINST 
HETEROTRANSPLANTED   TISSUES    IN    DIFFERENT 

KINDS  OF   HOSTS1 

I. HO    LOKB 

(From   the   Department   of  Pathology,    Washington    University   School   of   Medicine, 

St.  Louis,  Missouri) 

In  several  preceding  papers,  we  have  studied  the  reaction  of  or- 
g.uiisms  against  heterotransplanted  tissues,  in  particular  as  to  the 
rorrespondence  between  these  reactions  and  the  phylogenetic  relation- 
ships between  host  and  transplants.2  On  the  whole,  we  found  a  lack 
of  such  a  correspondence,  if  we  used  mammalian  and  avian  organisms 
as  hosts,  although  it  is  present  in  more  primitive  classes  of  animals. 
However,  even  in  mammalian  hosts  or  transplants  there  seemed  to  be 
found  at  least  an  indication  of  such  a  correspondence;  but  this  was  not 
definite.  \Ye  wished  therefore  to  investigate  this  question  again; 
comparing  the  behavior  of  two  very  nearly  related  species,  such  as  rat 
and  mouse,  with  more  distant  species,  such  as  guinea  pig  and  rat,  cat 
and  rat,  pigeons  and  rat.  \Ye  also  compared  in  these  investigations 
again  some  reciprocal  transplantations,  in  order  to  determine  on  what 
factors  the  difference  in  the  results  depended;  and  lastly,  we  wished  to 
study  once  more  some  of  those  modes  of  reactions  which  distinguished 
heterotransplantation  from  homoiotransplantation. 

From  a  different  point  of  view,  namely,  in  their  relation  to  strain 
or  race  transplants,  we  have  considered  already  certain  general  aspects 
of  transplantations  from  mouse  to  rat  and  the  reciprocal  transplanta- 
tions.3 \\ V  :-liaIl  now  consider  these  transplantations  in  their  relation 
to  heterotransplantations  between  further  distant  species,  and  we  shall 
also  compare  tin-  action  of  various  tissues  and  cells  of  the  hosts  on 
these  transplants.  As  usual,  all  our  transplants  were  inserted  into 
pockets  in  the  subcutaneous  tissue  of  the  abdominal  wall,  and  they 
were  examined  at  different  periods  following  transplantation.  We 

1   I  licse  investigations  were  carried  out  with  the  aid  of  a  grant  for  research  in 
nee  m.ide  to  Washington  University  by  the  Rockefeller  Foundation. 

I  ,oeb,  Leo,  and  YV.  H.  F.  Addisoii.     Arch.f.  Entw.-mech.,  27:  73  (1909)  and  32: 
44  (1911  I. 

I  oeb,  Leo.     Jour.  Exper.  Met!.,  31:  765  (1920);  Jour.  Med.  Res.,  42:  137  (1920- 
21). 

Loch,  Leo,  and  J.  S.  llarter,  Am.  Jour.  Ptilh.,  2:  521  (1926). 
Loeb,  Leo  and  Helen  I).  King.     Am.  Nat.,  69:  5  (1935). 
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used  either  thyroid  and  cartilage,  together  with  the  adjoining  tissues, 
or  cartilage  with  the  adjoining  tissues  alone.  In  a  few  cases  we 
grafted  also  the  ovary.  The  transplants  of  thyroid  and  ovary  were 
cut  into  complete  serial  sections  and,  in  the  case  of  the  cartilage  trans- 
plant, sections  through  the  different  parts  of  the  transplant  were 
examined.  Altogether  one  hundred  and  thirty-four  pieces  were  studied 
in  this  manner.  We  shall  cite  summaries  of  our  findings  at  eight  to 
ten  and  at  twenty  to  thirty  days  following  transplantations. 

Eight  to  Ten  Days  after  Transplantation 

From  rat  to  mouse  and  reciprocal  transplantations. — -In  the  rat  to 
mouse  transplants  of  thyroid,  the  grafted  tissue  has  become  necrotic; 
only  in  one  specimen  (after  8  days)  were  there  still  some  acini  with 
colloid  preserved.  Also  muscle  tissue  transplanted  with  thyroid  was 
necrotic.  Fat  tissue  was  largely  necrotic  and  much  infiltrated  with 
connective  tissue;  a  great  many  polymorphonuclear  leucocytes  were 
found  especially  in  the  necrotic  areas.  The  surrounding  connective 
tissue  capsule  was  infiltrated  with  lymphocytes. 

In  the  mouse  to  rat  transplants  of  thyroid,  the  graft  has  been 
replaced  by  fibrous  tissue,  which  is  densely  infiltrated  with  lympho- 
cytes. In  one  specimen,  there  were  some  indistinct  remnants  of 
thyroid  tissue  seen.  The  transplanted  ovaries  were  necrotic  and, 
in  the  periphery,  invaded  by  connective  tissue,  which  transformed  the 
transplant  into  a  loosely  vacuolar  tissue.  There  was  also  noticeable 
some  infiltration  with  lymphocytes. 

In  the  rat  to  mouse  transplants  of  cartilage,  the  cartilage  and  peri- 
chondrium  were,  in  some  cases,  mostly  preserved;  in  other  cases, 
necrotic.  Intermediate  conditions  were  also  found.  The  extent  of 
infiltration  of  the  transplant  with  polymorphonuclear  leucocytes 
varied  in  different  specimens;  they  were  found  especially  in  the  ne- 
crotic fat  tissue.  There  was  also  some  definite  lymphocytic  infiltra- 
tion, but  it  was  not  so  marked  as  at  later  periods.  The  lymphocytes 
were  found  mostly  in  the  distant  connective  tissue  surrounding  the 
transplants.  The  fat  tissue  was  largely  necrotic,  especially  near 
necrotic  perichondrium. 

In  the  mouse  to  rat  transplants  of  cartilage,  there  was,  on  the  aver- 
age, a  better  preservation  than  in  the  reciprocal  transplants.  The 
perichondrium  was  partly  replaced  by  lymphocytes,  which  penetrated 
a  little  into  cartilage.  Cartilage  and  perichondrium  were  surrounded 
by  fibrous  tissue  densely  infiltrated  with  lymphocytes.  Necrotic  carti- 
lage was  also  invaded  by  connective  tissue  cells.  The  transplanted 
muscle  tissue  was  necrotic.  Bone  and  bone  marrow  were  necrotic 
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and  the  bone  marrow  was  partly  or  completely  replaced  by  connective 
tissue;  there  was  a  dense  lymphocytic  infiltration  around  the  bone. 
After  eight  days,  there  was  some  infiltration  with  polymorphonuclear 
leucocytes,  but  after  ten  days,  these  cells  had  disappeared.  In  the 
fat  ti—ue  Mime  hyperemic  and  hemorrhagic  areas  were  found.  In  no 
se  were  there  any  regenerative  processes  seen  in  cartilage  and 
muscle  tissue.  In  specimens  examined  at  six  days  transplanted 
cart  ila^e  and  fat  tissue  were  still  preserved,  as  were  acini  of  the  thyroid 
.it  this  time.  There  were  large  hemorrhagic  areas  in  fat  tissue. 
A^ain  there  was  more  fibrous  tissue  formation  and  lymphocytic 
infiltration  in  the  mouse  to  rat  than  in  the  reciprocal  transplantations. 
While  there  was  here  some  infiltration  with  polymorphonuclear 
li'iicocytes,  the  maximum  was  reached  after  eight  days. 

From  rat  to  guinea  pig  and  reciprocal  Ira  us  plantations. — The  results 
in  tin-  transplantations  of  thyroid  from  rat  to  guinea  pig  were  very 
similar  to  those  obtained  after  transplantation  of  this  tissue  from  rat 
to  mouse.  In  general,  we  found  the  transplanted  acini  as  necrotic 
material  in  the  center  of  the  transplant.  There  was  much  infiltration 
with  polymorphonuclear  leucocytes  in  the  dead  tissue  after  eight  days. 
In  the  peripheral  tissue  we  found  very  moderate  lymphocytic  infiltra- 
tinn.  In  one  specimen  after  eight  days,  there  were,  in  the  periphery 
<>t  the  transplant,  some  isolated  acini  with  solid  colloid  in  the  connective 
tissue  and  in  another  specimen  the  outer  epithelial  walls  of  a  few  acini 
were  preserved.  Also  after  ten  days,  we  found  in  one  specimen  a  few 
peripheral  parts  of  the  walls  preserved.  The  necrotic  thyroid  and 
fat  tissue  were  still  surrounded  by  a  mantle  of  polymorphonuclear 
leucocytes,  but  in  the  surrounding  connective  tissue  there  was  now 
more  lymphocytic  infiltration. 

In  the  reciprocal  transplants  from  guinea  pig  to  rat  there  was, 
after  eight  da\  s,  ^ome  necrotic  and  hemorrhagic  material  being  organ  - 
i/ed  by  fibroblasts  and  partly  in  process  of  hyalinization.  There  was 
.1  eertain  amount  of  diffuse  lymphocytic  infiltration,  which  was  rather 
dense,  in  some  areas  of  connective  and  fat  tissue.  The  infiltration  with 
polymorphonuclear  leucocytes  was  less  in  this  case  than  in  the  recip- 
rocal trail-plants.  Especially  in  the  ten-day  transplants,  the  amount 
of  necrotic  thyroid  tissue  and  the  number  of  polymorphonuclear 
leucocytes  were  less  than  in  the  reciprocal  transplants;  but  there  was 
more  lymphocytic  infiltration  and  there  was  also  a  greater  activity 
of  phagocytes  than  in  the  reciprocal  transplants. 

In  the  eiuht  (lay  cartilage  transplants,  we  find  some  variations  as 
to  preservation  of  cartilage  in  different  specimens,  the  preservation 
being,  on  the  whole,  greater  in  the  guinea  pig  to  rat  than  in  the  re- 
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ciprocal  transplants.  Polymorphonuclear  leucocytes  moved  into  the 
necrotic  fat  and  also  into  the  necrotic  cartilage  tissue  There  were 
some  remnants  of  hemorrhage  in  the  fat  tissue;  there  were  also  lym- 
phocytes and  connective  tissue  in  the  interstices  between  fat  cells. 
Muscle  tissue  and  bone  marrow  were  necrotic  or  the  necrotic  tissue 
was  replaced  by  fibrillar  connective  tissue.  In  the  guinea  pig  to  rat 
transplants  the  fat  tissue  was  mostly  replaced  by  fibrous  tissue.  Here, 
as  in  the  mouse  to  rat  transplants,  the  lymphocytes  were  more  active; 
they  infiltrated  the  connective  tissue  around  bone  and  cartilage  and 
penetrated  a  little  way  into  the  perichondrium.  Again,  similarly  to 
the  mouse  to  rat  transplants,  there  was  here  more  fibrous  tissue 
formation,  a  more  marked  infiltration  with  lymphocytes,  and  less 
infiltration  with  polymorphonuclear  leucocytes.  After  ten  days, 
more  connective  tissue  and  lymphocytes  and  fewer  polymorphonuclear 
leucocytes  penetrated  into  the  necrotic  cartilage  and  bone  than  in  the 
rat  to  guinea  pig  transplants.  Lymphocytes  moved  also  into  cartilage 
and  bone  which  they  helped  to  destroy  and  these  cells  could  replace 
fat  tissue.  As  in  the  mouse  to  rat  transplants,  there  was  more  con- 
nective tissue  and  lymphocytic  activity  and  less  necrosis  in  the  guinea 
pig  to  rat  than  in  the  reciprocal  transplants. 

Transplantation  of  cartilage  from  cat  to  rat. — Cartilage  could  be 
preserved.  Necrotic  muscle  and  bone  were  replaced  by  connective 
tissue.  Fat  tissue  was  partly  necrotic,  partly  replaced  by  connective 
tissue;  the  infiltration  with  cells  of  a  different  nature  made  it  difficult 
to  determine  whether  some  fat  cells  were  still  alive.  Much  dense 
lymphocytic  infiltration  was  found  in  surrounding  tissue.  In  these 
transplants  polymorphonuclear  leucocytes  were  not  as  prominent  as 
in  the  rat  to  mouse  transplants.  The  lymphocytic  infiltration  around 
cartilage  and  in  muscle  was  less  marked  than  in  transplants  from 
mouse  to  rat.  No  regeneration  was  observed  in  perichondrium  or 
muscle  tissue. 

Transplantation  of  cartilage  from  rat  to  pigeon. — Cartilage  and 
perichondrium  were  either  necrotic  or  parts  of  it,  varying  in  amount 
in  different  cases,  were  preserved.  The  other  transplanted  tissues, 
including  the  fat  tissue,  were  necrotic.  Hemorrhages  were  found  in 
the  fat  tissue  and  the  latter  was  invaded  by  polymorphonuclear 
leucocytes,  which  moved  also  into  the  necrotic  cartilage  and  muscle 
tissue.  There  were  some  phagocytic  cells  between  the  fat  cells. 
Lymphocytic  infiltration  was  still  slight  at  this  time. 

Twenty  to  Thirty  Days  after  Transplantation 

Mouse  to  rat  and  reciprocal  transplantations. — The  transplanted 
thyroid  had  in  all  cases  been  replaced  by  fibrous  tissue  with  lympho- 
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cytic  infiltration;  but  in  the  mouse  to  rat  transplantations,  the  lym- 
phocytic  infiltration  was,  as  usually,  much  denser  than  in  the  reciprocal 
transplantations.  In  the  rat  to  mouse  transplants,  on  the  other  hand, 
a  few  polymorphonuclear  leucocytes  were  still  seen.  The  transplanted 
pien--  lit"  ovary  were  necrotic  and  surrounded  by  lymphocytes.  Carti- 
lage and  perichondrium  were  entirely  necrotic  in  the  rat  to  mouse 
transplantations,  but  in  about  one-half  of  the  specimens  transplanted 
from  mouse  to  rat  the  greater  part  of  these  tissues  were  preserved, 
while  the  other  pieces  were  entirely  necrotic.  In  both  transplants 
lymphocytes  penetrated  into,  destroyed,  and  partially  replaced 
necrotic  cartilage  and  perichondrium;  also  connective  tissue  pene- 
trated into  necrotic  cartilage.  On  the  other  hand,  these  cells  did  not 
seem  to  invade  preserved  transplanted  cartilage.  The  transplanted 
fat  tissue  was  either  replaced  by  masses  of  lymphocytes  or  connective 
tissue  and  when  the  fat  cells  were  still  preserved,  lymphocytes,  con- 
nective tissue,  and  vacuolated  phagocytic  cells  had  penetrated  into 
the  interstices  between  the  fat  cells  and  separated  them.  Trans- 
planted muscle  tissue,  bone,  and  bone  marrow  were  necrotic;  bone 
marrow  had  been  replaced  by  connective  tissue  and  lymphocytes. 
Connective  tissue  grew  also  into  the  dead  bone,  around  which  giant 
cells  had  formed.  The  formation  of  a  fibrous  capsule,  as  well  as  lym- 
phocytic  infiltration,  was  more  marked  in  the  mouse  to  rat  than  in 
the  reciprocal  transplants;  this  accords  with  what  we  found  also  in 
earlier  stages.  Especially  the  lymphocytic  infiltration  was  more 
dense  in  the  mouse  to  rat  transplants;  this  is  true  too  of  the  connective 
tissue  around  necrotic  cartilage  and  bone.  But  also  in  the  rat  to 
mouse  transplants  there  was  occasionally  a  more  marked  lymphocytic 
infiltration  around  the  cartilage.  Polymorphonuclear  leucocytes  were 
found  in  the  connective  tissue  surrounding  necrotic  fat  tissue  and  they 
also  penetrate  into  the  latter;  but  these  cells  were  not  frequent  at  this 
period  and  they  were  especially  rare  in  the  mouse  to  rat  transplants. 
\Ve  see  then  that  between  twenty  and  thirty  days  following  trans- 
plantation almost  all  the  tissues  are  necrotic  or  replaced  by  connective 
tissue  and  lymphocytes. 

Guinea  pig  to  rat  and  reciprocal  transplantations. — After  twenty 
•  lays  we  still  found  necrotic  material  in  the  center  of  the  thyroid 
Iran-plant;  it  was  surrounded  by  a  connective  tissue  capsule  which 
wa-  mucli  infiltrated  with  lymphocytes;  there  were  among  the  latter 
also  some  polymorphonuclear  leucocytes.  Connective  tissue  cells 
slowly  in\,nl(  (1  and  organized  the  central  necrotic  material.  In  these 
tran-it], mis,  the  invading  connective  tissue  cells  first  converted  the 
necrotic  material  into  a  hyaline  fibrillar  material;  this  represented  the 
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first  step  in  the  organization.  Cells  with  much  cytoplasm  then  moved 
with  pseudopods  into  the  hyaline  material ;  they  enclosed  particles  of 
the  latter  in  their  cell  body  and  digested  them.  Thus  a  vacuolated 
tissue  developed.  After  twenty-five  days  the  necrotic  material  had 
disappeared  and  only  nodules  of  fibrillar  connective  tissue  were  left. 
These  were  infiltrated  with  lymphocytes.  Some  polymorphonuclear 
leucocytes  were  still  present  in  certain  nodules,  probably  left  over 
from  the  former  stage,  when  there  was  still  necrotic  material  present. 

Transplantation  of  cartilage. — At  twenty  days,  cartilage  and  peri- 
chondrium  were  mostly  necrotic ;  small  parts  were  preserved  in  the  rat 
to  guinea  pig  transplants  and  somewhat  more  in  the  reciprocal  trans- 
plants. Fat  tissue  and  bone  marrow  were  necrotic  or  replaced  by 
fibrillar  connective  tissue;  muscle  tissue  was  necrotic.  In  the  rat  to 
guinea  pig  transplants  some  polymorphonuclear  leucocytes  moved  into 
the  necrotic  cartilage  and  fat  tissue.  Lymphocytes  infiltrated  the  fat 
tissue.  In  the  guinea  pig  to  rat  transplants  lymphocytic  infiltration 
was  found  around  the  necrotic  bone,  connective  tissue,  and  cartilage; 
lymphocytes  penetrated  also  into  the  perichondrium.  In  these  trans- 
plants there  was  more  fibrous  tissue  formation,  more  lymphocytic 
infiltration,  and  less  invasion  by  polymorphonuclear  leucocytes  than 
in  the  reciprocal  transplants.  After  twenty-five  days,  the  transplanted 
tissues  were  necrotic,  except  in  one  piece,  in  which  in  the  guinea  pig 
to  rat  transplant,  cartilage  cells  were  in  some  parts  still  preserved. 
Connective  tissue  cells  with  many  lymphocytes  invaded  the  necrotic 
cartilage.  There  were  also  many  polymorphonuclear  leucocytes,  in 
certain  cases,  around  the  necrotic  cartilage.  Fat  tissue  was  either 
replaced  by  fibrillar  connective  tissue  or  the  septa  between  the  fat 
cells  were  invaded  by  connective  tissue  cells  and  by  cells  which  took 
up  small  fat  droplets.  In  the  connective  tissue,  which  had  replaced 
part  of  the  fat  tissue,  polymorphonuclear  leucocytes  could  be  seen  in 
some  instances.  In  the  necrotic  fat  tissue  giant  cells  were  found  and 
giant  cells  formed  also  around  necrotic  cartilage  and  muscle  tissue. 

In  transplants  of  cartilage  from  cat  to  rat  after  twenty  days. — Parts 
of  cartilage  and  .perichondrium  were  preserved;  other  parts  were  ne- 
crotic. Around  the  cartilage  the  connective  tissue  was  densely  infil- 
trated with  lymphocytes  and  from  here  lymphocytes  invaded  the 
cartilage  and  dissolved  it.  Fat  tissue  was  mostly  necrotic.  In  the 
fibrillar  connective  tissue  surrounding  it  there  was  much  lymphocytic 
infiltration  and  these  lymphocytes  and  connective  tissue  cells  pushed 
their  way  between  fat  cells;  again  we  found  here  vacuolar  phagocytic 
cells  which  had  taken  up  fat  droplets.  The  muscle  tissue  was  necrotic 
and  in  process  of  organization  by  connective  tissue.  In  the  connective 
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tissue  capsule  surrounding  the  piece  there  was  much  lymphocytic 
infiltration.  It  may  be  stated — and  this  applies  also  to  other  cases 
in  this  series — that  it  is  often  difficult  to  determine  whether  or  not 
small  parts  of  the  transplanted  fat  tissue  are  still  alive,  when  so  many 
cells  coming  from  the  host  tissue  push  their  way  into  the  interstices 
between  the  fat  cells. 

Transplantation  of  cartilage  from  rat  to  pigeon;  examination  twenty 
and  twenty-five  days  after  transplantation. — After  twenty-five  days, 
the  transplants  were  entirely  necrotic,  and  giant  cells  were  seen  around 
the  pieces.  After  twenty  days,  however,  there  were  in  certain  areas 
of  the  cartilage  some  cells  still  preserved.  In  one  place  at  the  border 
of  cartilage  and  perichondrium,  the  hyaline  tissue  was  dissolved, 
owing  to  the  taking  up  of  fluid  by  this  tissue,  which  thus  bulged  out. 
The  cartilage  cells  were  preserved  and  had  cell  processes  in  this  soft 
material.  In  some  specimens  after  twenty  and  twenty-five  days 
strands  of  lymphocytes  penetrated  into  the  necrotic  perichondrium  or 
also  into  the  cartilage  and  into  interstices  in  the  dense  connective 
tissue  surrounding  the  cartilage;  with  the  lymphocytes,  in  some  cases, 
polymorphonuclear  leucocytes  invaded  the  necrotic  cartilage.  The 
fat  tissue  was  necrotic;  it  was  either  replaced  by  connective  tissue  or 
by  a  tissue  consisting  of  vacuolated  cells,  which  evidently  had  taken 
up  fat  droplets.  Lymphocytes  surrounded  single  and  coalesced  fat 
cells  and  furthermore  collections  of  polymorphonuclear  leucocytes 
were  found  in  the  fat  tissue.  The  transplant  was  encircled  by  node- 
like  collections  of  lymphocytes,  between  which  a  diffuse  infiltration  of 
lymphocytes  was  found  in  the  small-celled,  fibrillar  connective  tissue. 
Mitoses  were  occasionally  seen  in  these  lymphocytes.  It  was  es- 
pecially the  necrotic  material  which  attracted  the  polymorphonuclear 

leucocytes. 

Discussion 

If  we  consider  this  entire  series  of  heterotransplantations  of  thyroid 
and  cartilage  with  the  surrounding  tissues,  we  come  to  the  conclusion 
that  in  all  cases  the  destruction  of  the  transplants  has  been  almost 
complete  at  a  relatively  early  date  following  transplantation.  There 
were  up  to  the  tenth  day  still  a  few  acini  exceptionally  preserved  in 
the  rat-mouse  and  in  the  rat-guinea  pig  transplantations,  but  not  in 
other,  more  distant  heterotransplantations.  Parts  of  the  transplanted 
cartilage  were  in  some  of  the  hosts  still  preserved  up  to  twenty  days, 
apparently  without  regard  to  relationship.  Bone,  bone  marrow,  fat 
tissue,  muscle  tissue,  and  with  the  few  exceptions  mentioned,  thyroid 
and  parathyroid  tissue  were  always  necrotic.  In  regard  to  the  fat 
tissue  we  must  make  the  reservation  that  when  this  is  densely  in- 
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filtrated  with  various  kinds  of  cells,  it  may  be  very  difficult  to  exclude 
the  possibility  that  some  fat  cells  may  not  still  be  preserved;  but  in  no 
case  could  this  be  definitely  established.  Even  if  some  cells  were 
preserved,  as  we  found  so  often  in  the  case  of  cartilage  cells,  it  is  very 
improbable  that  these  morphological  criteria  of  life  implied  that  the 
function  and  metabolism  of  these  cells  were  normal.  We  certainly 
did  not  observe  eight  days  and  later,  following  transplantation,  any 
growth  processes  in  any  of  the  transplanted  tissues,  in  contrast  to 
what  we  observe  after  homoio-  and  strain  transplantation,  where 
regenerative  processes  in  certain  tissues  are  very  common.  In  periods 
earlier  than  eight  days,  we  found  a  few  doubtful  cases  of  possible  slight 
proliferative  processes  in  mouse-rat  transplants. 

It  is  then  this  very  pronounced  necrosis  of  tissues  after  hetero- 
transplantation,  which  evidently  makes  impossible  a  definite  corre- 
spondence between  the  results  of  these  transplantations,  and  the 
phylogenetic  relationship  between  host  and  transplant.  Indications 
of  such  a  correspondence  are  perhaps  present.  Thus  we  find  in  the 
transplantations  of  cartilage  and  surrounding  tissues  from  rat  to  pigeon, 
on  the  whole,  a  more  marked  infiltration  with  polymorphonuclear 
leucocytes  than  in  other  kinds  of  transplantations;  but  after  all  the 
interpretation  of  such  differences  is  doubtful. 

As  to  the  cause  of  this  rapid  destruction,  there  can  be  no  doubt 
that  after  heterotransplantation,  it  is  mainly  the  toxicity  of  the  body 
fluids  which  injures  tissues  directly  and  which  in  particular  is  re- 
sponsible for  the  lack  of  the  establishment  of  a  satisfactory  connection 
between  the  vessels  of  the  host  and  transplant.  These  conditions 
lead  to  early  death  of  the  heterogenous  grafts.  Contrary  to  our  find- 
ings in  many  cases  in  homoio-  and  syngenesiotransplantation,  the 
injurious  action  of  the  lymphocytes  and  connective  tissue  of  the  host 
cannot  be  held  responsible  for  the  death  of  the  transplants.  There 
may  be  much  activity  of  the  connective  tissue;  but  it  consists  mainly 
in  the  invasion  of  dead  tissue  and  its  gradual  organization.  Also 
dense  collections  of  lymphocytes  are  often  found;  but  lymphocytes 
usually  infiltrate  the  connective  tissue,  replacing  and  surrounding 
the  transplanted  tissues.  They  may  furthermore  infiltrate  the  inter- 
stices of  the  necrotic  fat  tissue  and  even  the  perichondrium,  cartilage, 
and  bone;  but  all  these  tissues  are  by  this  time  either  dead  or  at  least 
very  much  weakened  in  their  vitality  by  the  injurious  conditions  of 
the  body  fluids  of  the  host;  they  are  not  primarily  destroyed  by  lym- 
phocytes. However,  as  stated,  lymphocytes  often  are  present  in  very 
large  numbers  in  the  fibrous  tissue  surrounding  and  replacing  the 
heterogenous  grafts. 
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In  our  earlier  papers  on  heterotransplantation,  we  noticed  the 
characteristic  appearance  of  polymorphonuclear  leucocytes  which 
contrasted  with  their  usual  absence  in  homoio-  and  syngenesiotrans- 
plantations.  In  these  experiments,  we  confirmed  our  previous  obser- 
vations in  this  respect,  but  we  analysed  still  further  the  occurrence  of 
these  cells  and  found  it  very  probable  that  they  are  not  attracted  by 
the  heterotransplant  as  such,  but  by  the  heterogenous  tissue  when  it 
has  undergone  necrosis,  especially  the  necrotic  fat  and  thyroid  tissue. 
They  usually  disappear  with  the  progressive  organization  of  the  ne- 
crotic tissue,  but  may  still  be  found  in  fibrous  tissue  which  has  replaced 
the  necrotic  material,  at  a  stage  when  the  latter  has  completely  or 
almost  completely  disappeared.  We  may  assume  that  under  those 
conditions  they  were  remnants  of  the  larger  number  of  leucocytes, 
which  had  been  attracted  by  the  necrotic  material  at  a  previous  stage. 
In  certain  heterotransplants,  polymorphonuclear  leucocytes  may  be 
very  significant  or  altogether  lacking ;  thus  they  were  very  inconspicuous 
after  transplantation  of  cartilage  of  the  cat  into  the  rat.  On  the  other 
hand,  they  were  often  present  in  very  large  collections  around  trans- 
plantations of  cartilage  and  adjoining  pieces  from  rat  into  pigeon. 
If  it  is  mainly  the  necrotic  material  wrhich  attracts  the  polymorpho- 
nuclear leucocytes  after  heterotransplantation,  then  we  must  inquire 
why  they  are  not  attracted  by  the  necrotic  material  which  we  find 
after  homoiotransplantation,  where  we  usually  observed  them  only 
in  the  first  few  days  after  transplantation  around  the  grafted  tissue, 
after  which  period  they  disappear.  \Ye  must  assume  that  the  auto- 
lytic  processes,  which  take  place  in  the  necrotic  tissue,  are  not  exactly 
the  same  in  these  two  types  of  transplantation;  or  we  may  consider 
the  difference  in  vascularization  around  and  in  homoiogenous  grafts 
as  the  important  factor.  It  seems  that  the  organization  of  the  necrotic 
material  takes  place  more  rapidly  after  homoiotransplantation  than 
after  heterotransplantation.  In  the  past  we  considered  also  the 
possibility  that  a  difference  in  a  possible  contamination  with  micro- 
organisms might  be  responsible  for  the  presence  or  absence  of  these 
cells.  However,  the  technique  used  by  us  in  heterotransplantation 
is  the  same  as  that  employed  in  the  case  of  homoiotransplantation,  and 
in  the  latter,  as  stated,  these  accumulations  of  polymorphonuclear 
leucocytes  are  usually  absent.  Moreover,  in  special  experiments 
made  from  this  point  of  view,  we  did  not  observe  that  bacteria,  ad- 
herent to  heterotransplanted  epidermis  and  hair,  behaved  differently 
from  bacteria  adherent  to  similar  material  after  homoiotransplantation. 

\Yc  may  also  conclude  that  no  very  distinct  differences  are  found 
between  heterotransplantations  which  differ  in  respect  to  the  nearness 
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or  distance  of  relationship  between  donor  and  host,  a  result  that  can 
be  readily  understood,  if  we  consider  the  very  great  intensity  of  the 
injury  inflicted  upon  the  grafts  by  heterotransplantations  between 
even  nearly  related  species,  such  as  mouse  and  rat.  However,  there 
are  some  indications  that,  also  in  heterotransplantations,  relationship 
still  plays  a  certain  role  in  the  results;  thus  transplantation  of  pigeon 
skin  to  chicken  is  more  favorable  than  transplantation  of  pigeon  skin 
to  mammals.  Furthermore,  transplantations  of  pigeon  skin  to  frogs 
lead  to  a  rapid  destruction  of  the  graft. 

In  addition,  certain  differences  do  exist  between  the  reactions  in 
different  species,  which  function  as  hosts  for  the  various  transplants. 
Thus  it  appears  that  in  the  mouse  and  in  the  guinea  pig,  the  reaction 
on  the  part  of  the  polymorphonuclear  leucocytes  is  more  intense  than 
in  the  rat,  and  there  are  also  indications  that,  on  the  contrary,  the 
organizing  activity  of  the  connective  tissue  and  the  invasion  by  lym- 
phocytes is  stronger  in  the  rat  than  in  the  mouse  and  guinea  pig.  In 
the  pigeon  we  found  the  peculiarity  that,  in  the  earlier  stages  following 
transplantation,  the  invasion  of  necrotic  material  by  polymorpho- 
nuclear leucocytes  is  very  marked,  while  in  later  stages  the  accumula- 
tion of  lymphocytes  around  the  transplant  predominates;  as  in  cases  of 
homoiotransplantation  in  birds,  so  also  after  heterotransplantation, 
follicle-like  accumulations  of  lymphocytes  develop  in  the  circumference 
of  the  graft.  These  observations  agree  also  with  our  former  observa- 
tions, which  showed  that  in  the  guinea  pig  and  rabbit  the  leucocytic 
reaction  was  more  pronounced  than  in  some  other  species  and  that 
therefore  reciprocal  transplantations  may  give  different  results.  This 
was  evident,  for  instance,  in  the  transplantation  of  guinea  pig  kidney 
to  pigeon  and  the  reciprocal  transplantation  of  pigeon  kidney  to  guinea 
pig  and  also  in  the  transplantation  of  this  tissue  to  rat. 

The  outcome  is  different  if  we  carry  out  heterotransplantations 
in  the  more  primitive  phylogenetic  and  ontogenetic  stages.  Then 
the  reactions  against  the  strange  tissues  are  more  moderate,  the  maxi- 
mum of  response  has  not  yet  been  reached,  when  tissues  are  exchanged 
between  related  species,  and  there  is  therefore  in  these  cases  a  more 
definite  correspondence  between  phylogenetic  relationship  and  the 
result  of  the  transplantation.  Furthermore,  in  the  majority  of 
transplantations  in  lower  organisms  we  have  to  deal  with  a  condition 
analogous  to  parabiosis,  rather  than  to  transplantation  in  the  restricted 

sense. 

Conclusion 

1 .  After  heterotransplantation,  even  between  nearly  related  species, 
a  relatively  early  necrosis  of  the  grafted  tissues  occurs,  the  rapidity 
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of  which  varies,  however,  irrespective  of  their  hosts,  in  accordance 
with  the  resistance  of  the  tissues  used. 

2.  Finer   gradations   between    the   results   of   transplantations   in 
accordance  with  the  phylogenetic  relationship  of  host  and  transplant 
cannot  be  established,  the  necrosis  of  the  grafted  tissues  being  rapid 
even  in  nearly  related  species  serving  as  hosts;  but  it  is  possible  that, 
after  heterotransplantations  to  still  farther  distant  classes,  such  as 
amphibians,  the  mammalian  or  avian  tissues  undergo  a  more  rapid 
and  complete  destruction  than  they  do  after  transplantation  to  other 
mammalian  or  avian  species. 

3.  In   tin's  destruction,  body   fluids  play   the  principal  part.      In 
general,  polymorphonuclear  leucocytes  appear  in  larger  numbers  and 
for  a  longer  period  of  time  after  heterotransplantation,   than  after 
homoio-  and  interracial  transplantations;  but  it  is  probable  that  these 
cells  are  attracted  mainly  by  certain  necrotic  heterogenous  tissues  and 
they  appear  with  special  frequency  in  certain  species.     Also  lympho- 
cytes gradually  appear  in  larger  numbers,  particularly  in  the  fibrous 
tissue  surrounding  and  organizing  the  transplants. 

4.  Various  species,  acting  as  hosts,  differ  in  the  intensity  and  in 
the  kind  of  their  reactions  towards  heterotransplants,  irrespective  of 
their   relationship    to   the   grafts.     Reciprocal    transplantations   may 
therefore  differ  as  to  their  results. 
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II.  A  COMPARISON  OF  THE  RATES  OF  DEVELOPMENT 
OF  GIANT  AND  OF  NORMAL  SEA-URCHIN  EMBRYOS 

ALBERT   TYLER1 

(From  the   William  C.  KcrckhojT  Laboratories  of  the  Biological  Sciences,   California 

Institute  of  Technology,  Pasadena,  California) 

The  following  experiments  show  that  normally  proportioned  giant 
embryos  produced  by  the  fusion  of  two  fertilized  eggs  develop  more 
rapidly  than  do  normal  embryos.  This  result  had  been  anticipated 
(Tyler,  1933)  on  the  basis  of  some  experiments  on  the  oxygen  con- 
sumption and  rate  of  development  of  half-sized  embryos. 

Theoretical  Part 

It  has  been  shown  (Tyler,  1933)  that  the  rate  of  oxygen  consump- 
tion of  two  half-sized  embryos  from  isolated  blastomeres  is  the  same  as 
that  of  one  normal  embryo  up  to  the  gastrula  stage.  The  dwarf 
embryos,  however,  develop  more  slowly  than  the  normal.  Thus, 
when  compared  at  the  same  stage  of  development  (e.g.,  end  of  gas- 
trulation),  the  total  oxygen  consumption  of  two  dwarf  embryos  is 
greater  than  that  of  a  single  normal  embryo.  The  theory  upon 
which  these  results  are  interpreted  involves  the  following  assumptions: 

(1)  Work  is  performed  (and  energy  thus  required)  in  the  process  of 
gastrulation  as  in  other  form  changes  in  embryonic  differentiation. 

(2)  The    amount    of    work    performed    (or    energy    required)    varies 
directly  with   the  amount  of  material   involved   and   inversely  with 
some  function  of  the  radius  of  curvature  of  the  embryo  or  of  the  part 
considered.     (3)  The  oxygen  consumption  is  a  measure  of  the  energy 
liberated. 

On  the  basis  of  assumptions  1  and  2,  two  dwarf  embryos  from 
isolated  blastomeres  should  perform  more  work  (and  thus  require 
more  energy)  for  the  process  of  gastrulation  than  one  normal  embryo. 
The  experiments  show  that  two  dwarf  embryos  have  the  same  rate  of 
oxygen  consumption  as  one  normal  embryo.  On  the  basis  of  assump- 
tion 3  this  means  that  energy  is  liberated  at  the  same  rate  in  the  two 
dwarf  embryos  as  in  the  normal  embryo.  The  slower  development 
of  the  dwarf  embryo  was  thus  accounted  for,  since  with  half  the 

1  National  Research  Council  Fellow  in  the  Biological  Sciences  at  the  Zoological 
Station  in  Naples  during  the  early  part  of  this  work. 
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amount  of  energy  available  per  unit  time  and  with  more  than  half 
the  amount  of  work  to  be  performed,  more  time  is  required  to  sup- 
ply the  amount  of  energy  necessary  for  the  various  processes. 

These  considerations  led  to  the  expectation  that  giant  embryos 
produced  by  the  fusion  of  two  fertilized  eggs  should  develop  faster 
than  the  normal  embryos. 

Experimental  Part 

Methods  of  fusing  eggs  have  been  described  by  Morgan  (1895), 
Driesch  (1900),  Bierens  de  Haan  (1913),  Goldfarb  (1913,  1915),  von 
Ubisch  (1925),  Horstadius  (1928)  and  Balinsky  (1932)  for  sea  urchins 
and  by  Mangold  (1920)  and  Mangold  and  Seidel  (1927)  for  salaman- 
ders. 

Morgan  simply  removed  the  membrane  shortly  after  fertilization 
and  found  that  in  a  concentrated  mass  some  eggs  would  fuse  in  pairs. 
Driesch  treated  the  eggs  with  Ca-free  sea  water  after  removal  of  the 
fertilization  membrane  and  also  tried  alkaline  sea  water  and  centri- 
fuging.  Bierens  de  Haan  used  essentially  the  same  method.  Gold- 
farb placed  eggs  in  an  isotonic  or  hypotonic  solution  of  NaCl  in  sea 
water  for  considerable  lengths  of  time.  Von  Ubisch  allowed  the  eggs 
to  remain  in  Ca-free  sea  water  from  the  two  to  four-cell  stage,  and  then 
brought  them  close  together  in  ordinary  sea  water.  Horstadius  fused 
groups  of  blastomeres  with  other  groups  of  blastomeres  or  with  whole 
eggs  by  bringing  them  together  in  a  groove  in  a  piece  of  cinema  film 
in  a  dish  of  Ca-free  sea  water.  Balinsky  used  the  same  method  for 
fusing  two  whole  eggs  in  the  four-cell  stage. 

Most  of  the  various  methods  of  fusion  were  tried.  In  all  the 
experiments  the  membranes  are  first  removed  either  by  shaking  the 
eggs  in  a  tube  or  sucking  them  up  in  a  pipette  one  to  three  minutes 
after  fertilization.  If  the  eggs  are  fairly  concentrated  they  tend  to 
stick  together  after  removal  of  the  membrane  in  clumps  of  various 
numbers,  as  noted  by  Morgan  (1895).  The  eggs  are  apparently 
capable  of  sticking  to  one  another  during  the  period  of  ten  to  fifteen 
minutes  after  fertilization  in  which  time  the  ectoplasmic  layer  forms. 
If  the  eggs  are  packed  together  by  centrifuging  after  the  ectoplasm 
is  formed  they  do  not  stick  together  very  readily.  Kggs  that  were 
fused  in  pairs  either  spontaneously  or  by  centrifuging  after  removal 
of  the  membranes  were  followed  in  about  300  cases.  In  most  ot 
these,  double  blastuhe  were  formed  which  later  separated,  giving  two 
normal  embryos.  In  some,  double  gastrul.r  were  produced.  One 
normal  giant  was  obtained. 

In  another  way  (essentially  that  of  Driesch)  the  eggs  were  made 
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to  stick  together  by  placing  them  for  two  to  five  minutes  in  Ca-free 
sea  water  at  various  times  after  the  formation  of  the  ectoplasmic 
layer  and  then  packing  them  together  by  gently  centrifuging  immedi- 
ately after  return  to  ordinary  sea  water.  By  this  method  three 
normal  giants  were  obtained.  The  Ca-free  sea  water  treatment  and 
subsequent  centrifuging  was  also  applied  to  eggs  in  the  two-,  four- 
and  eight-cell  stages.  Two  normal  giants  were  obtained  from  eggs 
so  treated  in  the  two-cell  stage  and  2  more  from  eggs  treated  in  the 
four-cell  stage  out  of  more  than  200  fused  eggs  that  were  isolated. 

Eggs  were  handled  individually  on  cinema  film  according  to  the 
method  of  Horstadius.  Two  normal  giants  were  obtained;  one  from 
a  pair  of  eggs  fused  in  the  two-cell  stage  and  another  from  a  pair  fused 
in  the  four-cell  stage. 

The  eggs  were  also  handled  individually  and  fused  in  capillary 
tubes.  A  number  of  capillary  tubes  sealed  at  one  end  are  prepared 


FIG.  1.     Capillary  tube  for  fusion  of  eggs. 

(Fig.  1).  The  sealed  end  should  have  a  rounded  bottom  obtained  by 
blowing  as  the  end  is  sealed  off.  About  ^4  inch  is  a  convenient 
length  of  tube.  The  tubes  are  first  filled  with  Ca-free  sea  water  by 
driving  them  down  in  a  centrifuge  tube  containing  that  solution. 
They  are  then  mounted  vertically  in  a  vial  in  a  Stender  dish  containing 
Ca-free  sea  water  so  that  their  open  ends  are  immersed.  The  eggs 
are  first  washed  in  Ca-free  sea  water  and  then,  immediately,  two  eggs 
are  placed  in  each  capillary  tube.  Into  some  tubes  only  a  single  egg 
is  inserted  to  serve  as  a  control.  The  tubes  are  then  transferred  to  a 
centrifuge  tube  containing  ordinary  sea  water  and  are  run  at  about 
2,000  r.p.m.  for  15  seconds  to  3  minutes.  The  eggs  are  thus  driven 
to  the  bottom  of  the  capillary  tube  where  they  may  fuse  if  the  tube 
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is  of  the  proper  size  and  shape.  During  this  time  the  ordinary  sea 
water  gradually  diffuses  into  the  capillary  tube.  If  the  eggs  are 
allowed  to  remain  in  the  tube  they  may  develop  into  swimming  bias- 
tula;.  It  is  preferable,  however,  to  remove  them  at  an  early  stage  by 
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Giants  from  fused  eggs  an(l  normal  embryos  of  Lylcrhinns,  drawn  from  photographs 

of  living  embryos. 


Flos.  2a  and  b. 
FIGS.  3a  and  b. 
FIGS.  4a  and  b. 

FIGS.  5a  and  b. 
FIGS.  6«  and  />. 


Normal  and  giant  embryos  in  blast ula  stage. 
Normal  and  giant  embryos  in  beginning  gastrula  stage. 
Normal  embryo  about  two-thirds  gastrulated,  giant   embryo  com- 
pletely gastrulated. 

Normal  embryo  completely  gastrulated,  giant  embryo  in  prism  stage. 
Normal  and  giant  embryo  in  pluteus  stage. 
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breaking  off  the  sealed  end  and  inverting  it  in  a  dish  of  sea  water. 
The  eggs  will  then  slowly  drop  out.  Four  normal  giants  were  ob- 
tained from  more  than^  150  fused  eggs  that  were  followed.  Two  of 
them  were  from  eggs  fused  in  the  one-celled  stage  and  2  from  eggs 
fused  in  the  two-cell  stage. 

A  total  of  14  normal  giants  were  thus  obtained.  Of  these  10 
developed  faster  than  the  normal  control  eggs  and  4  developed  at 
the  same  rate  as  the  controls.  The  results  are  presented  in  Table 
I.  The  sea  urchins  used  in  these  experiments  were  Sphosr  echinus 
granularis  and  Echinus  microtuberculatus  at  Naples  and  Strongy- 
locentrotus  purpuratus  and  Lytechinus  at  Corona  del  Mar,  California. 
The  material  used  and  the  method  of  treatment  seemed  to  have  no 
particular  relation  to  the  results. 

The  temperature  was  not  controlled  but  single  eggs  treated  in  the 
same  manner  as  the  fused  eggs  were  isolated  in  the  same  dish  with  the 
latter.  These  control  eggs  are  listed  with  the  giant  eggs  in  the  table. 
In  four  cases  (Nos.  4,  7,  8,  and  12)  the  giant  and  control  embryos 
were  found  to  be  developing  at  the  same  rate.  In  the  others  the  giants 
showed  a  faster  rate  of  development.  The  difference  in  the  rate  of 
development  is  seen  at  the  end  of  gastrulation  and  becomes  more 
marked  in  the  later  stages.  Thus  in  No.  11  the  giant  embryo  is  in 
the  prism  stage  at  a  time  when  the  control  is  still  in  the  gastrula  stage; 
in  Nos.  6,  11,  and  13  the  giants  are  in  the  beginning  pluteus  stage 
while  the  corresponding  controls  are  in  the  prism  stage;  and  in  Nos. 
1,  3,  6,  11,  13,  and  14  the  giants  are  in  the  pluteus  stage  while  the 
corresponding  controls  are  entering  that  stage. 

The  giant  embryos  followed  in  these  experiments  were  those  that 
appeared  normal  throughout  development.  Those  that  showed  two 
invaginations  were  discarded  although  they  might  sometimes  give 
normal  plutei  according  to  Bierens  de  Haan  (1913^:)  and  Goldfarb 
(1917).  Figures  2  to  6  show  some  of  the  giant  embryos  obtained.  In 
Fig.  4b  the  giant  embryo  is  a  finished  gastrula  while  the  control 
embryo  shown  in  Fig.  4a  is  about  two-thirds  gastrulated.  Another 
giant  embryo  (Fig.  5b)  is  in  the  prism  stage  while  the  control  embryo 
(Fig.  5a)  is  in  the  gastrula  stage.  In  Figs.  6a  and  b  a  normal  and  a 
giant  pluteus  at  3}/£  days  are  shown.  The  giant  embryo  entered  the 
pluteus  stage  at  64  hours  after  fertilization  and  the  normal  at  82  hours. 

The  evidence  shows  then  that  the  giant  embryos  develop  more 
rapidly  than  the  normal.  They  complete  gastrulation  sooner  than 
the  controls  and  the  difference  in  rate  of  development  increases  as 
development  continues.  The  data  is  not  extensive  enough  to  decide 
whether  they  both  begin  gastrulation  at  the  same  time,  a  point  that 
would  be  of  some  interest  to  determine. 
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TABLE  I 

The  time  (in  hours)  at  which  various  developmental  stages  of  the  giant  and 
normal  embrvos  are  attained. 


Beginning 
Gastrula 

Completed 
Gastrula 

Prism 
Stage 

Beginning 
Pluteus 

Pluteus 

1  .  Spharechimis: 
Giant               

79 

50 

Control        



25 

50 

62 

2.  Echinus: 
Giant        

23 

41 

Control      



25 

41 

. 
Giant          

16 

19 

50 

58 

Control         

16 

21 

58 

65 

. 
Giant              

25 

Control             

25 

5.  Strongylocentrotus: 
Giant                      .  •  • 

26 

30 

Control            

25 

34 

f. 

o. 
Giant            

21 

26 

55 

66 

Control                 .    -  . 

21 

29 

55 

66 

79 

7.  Lylechimis: 
Giant            

24 

75 

Control             

24 

75 

. 
Giant                      •  •  • 

19 

24 

Control                   .  .  . 

19 

24 

n 

Giant                        .  . 

23 

28 

Control                 .... 

25 

32 

ID 

Giant                 .    .  . 

25 

30 

Control                     .  . 

25 

33 

1  1 

11.  - 
Giant            

34 

44 

60 

Control                 .... 

34 

44 

60 

1  ? 

(  iiant          

30 

41 

Control               .  .    .  . 

28 

•11 





i  ? 

lo. 

Giant      

21 

26 

35 

45 

64 

Control    

22 

30 

45 

64 

82 

(iiant  

28 

39 

65 

Control  



29 

41 

65 

80 

Discussion 

The  more  rapid  development  of  the  giant  embryos  from  fused 
eggs  may  be  interpreted  on  the  same  basis  as  the  slower  development 
of  the  dwarf  embryos  from  isolated  blastomeres;  namely,  that  twice 
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as  much  energy  is  available  per  unit  time  in  the  giant  embryo,  but  less 
than  twice  the  amount  of  energy  is  required  for  gastrulation  and 
other  form  changes.  The  giant  embryos  thus  proceed  faster  in 
development  than  the  normal  embryos. 

The  slower  development  of  the  half-sized  embryos  has  been  noted 
by  Morgan  (1895,  1903),  Driesch  (1900,  1908),  Horstadius  (1928) 
and  Tyler  (1933)  for  the  case  of  the  sea  urchin;  by  Morgan  (1901)  and 
Driesch  (1903)  in  Amphioxus;  by  Spemann  and  Falkenberg  (1919) 
and  Fankhauser  (1930)  in  Triton;  by  Tyler  (1930)  in  Chcztoptenis. 

To  interpret  this  slower  development  it  has  been  assumed  that 
a  regulation  process  (whatever  that  might  be)  is  involved  in  the 
formation  of  a  whole  embryo  from  an  isolated  blastomere  and  that  the 
regulation  requires  time.  Also  to  account  for  the  still  slower  develop- 
ment of  the  embryos  from  i^-blastomeres  (Driesch,  1900),  it  must  be 
assumed  that  they  require  even  more  time  for  regulation.  But  when 
a  single  embryo  is  produced  from  two  eggs  there  certainly  must  be 
as  much  regulation  involved  as  when  two  embryos  are  produced 
from  a  single  egg.  On  that  basis  we  should  expect  the  giant  embryos 
to  develop  slower  than  the  normal.  Driesch  (1900),  however,  re- 
ported that  the  giant  embryo  develops  as  fast  as  the  normal,  and  the 
present  results  show  that  an  even  faster  rate  of  development  is  ob- 
tained. Another  argument  against  the  assumption  that  a  time 
interval  for  regulation  accounts  for  the  slower  development  of  the 
dwarf  embryos  was  presented  by  Spemann  and  Falkenberg  (1919). 
They  found  that  in  an  unequally  constricted  egg  the  smaller  fragment 
develops  slower  than  the  larger,  both  being  slower  than  the  whole 
egg.  The  difference  was  found  to  increase  during  development  and 
was  greater  than  the  amount  of  time  that  they  would  care  to  assume 
for  regulation.  They  concluded  that  the  factors  causing  the  slower 
development  must  be  associated  with  the  smaller  size  of  the  embryo. 

The  faster  development  of  the  giant  embryos  from  fused  eggs  has 
a  parallel  in  the  faster  development  of  giant  limbs  from  fused  limb- 
buds  reported  by  Filatow  (1932).  Filatow  grafted  a  limb-bud  of 
one  embryo  on  to  that  of  another  embryo  in  the  same  stage.  The 
normal  giant  limb  that  developed  was  considerably  further  advanced 
in  differentiation  than  the  normal  limb  of  the  other  side  at  the  times 
of  examination.  Although  this  result  in  a  general  way  fits  in  very 
well  with  the  views  expressed  here,  it  is  perhaps  at  present  inadvisable 
to  push  the  parallelism  too  far. 

Another  experiment  that  bears  more  directly  on  this  work  is  that 
of  Spemann  and  Bautzmann  (1927).  They  produced  giant  and  dwarf 
embryos  by  cutting  two  beginning  gastruke  of  Triton  parasagittally, 
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one  to  the  left,  the  other  to  the  right  of  the  mid-line,  and  fused  the 
two  larger  pieces  together  as  well  as  the  two  smaller  pieces.  In  cases 
in  which  both  fused  embryos  developed  normally,  the  giant  embryo 
developed  markedly  faster  than  the  dwarf  embryo.  It  is  of  interest 
to  note  that  they  say  in  this  connection:—  "Das  gilt  nun  ganz  allge- 
mein  und  hangt  nicht  etwa  mit  irgendeiner  grosseren  Schadigung  des 
kleineren  Keimes  zusammen  oder  mit  einer  grosseren  Schwierigkeit, 
die  er  bei  der  Regulation  zu  iiberwinden  gehabt  hatte,  sondern  einfach 
mit  seiner  geringeren  Grosse  und  den  damit  wohl  gegebenen  grosseren 
\Yiderstiinden  bei  all  den  Yerlagerungen  und  Faltungen.  mit  denen  die 
Entwicklung  verbunden  ist."  This  greater  resistance  in  the  displace- 
ments and  foldings  of  development  of  which  Spemann  and  Bautzmann 
speak  is  one  of  the  main  assumptions  of  the  theory  developed  here 
(see  p.  1)  and  presented  in  the  earlier  wrork  (Tyler,  1933).  It  is 
essentially  what  is  meant  by  the  statement  (Tyler,  1933,  p.  156)  that 
"when  similar  changes  in  shape  are  produced,  more  work  is  performed 
in  the  case  of  two  half-embryos  than  in  one  whole  embryo."  It  is 
interesting  that  Spemann  and  Bautzmann  also  find  this  a  reasonable 
assumption  to  make.  It  would,  however,  be  well  to  obtain  further 
justification  for  this  assumption,  and  a  mathematical  attempt  to  do 
this  on  purely  mechanical  considerations  is  now  in  progress. 

The  purpose  of  studying  the  energetics  of  development  is  to  obtain 
information  that  would  be  of  value  in  determining  the  causes  of  the 
form  changes.  Such  information  is  of  value  for  the  problem  of 
differentiation  in  the  same  way  that  a  knowledge  of  the  energetics 
of  muscular  contraction  is  of  importance  in  determining  the  chemical 
reactions  responsible  for  that  process.  In  the  case  of  differentiation, 
however,  it  has  been  contended  that  no  energy  is  required  for  the  form 
changes  (Needham,  1932).  This  conclusion  is  drawn  from  the  meas- 
urements of  Meyerhof  (1911)  and  of  Shearer  (1922),  showing  a 
constant  ratio  of  heat  production  to  oxygen  consumption  throughout 
development.  It  was  assumed  that  if  energy  were  required  for  the 
form  changes  then  the  heat  evolved  per  mole  of  oxygen  consumed 
should  decrease  at  times  when  work  was  being  performed.  Among 
the  objections  that  may  be  raised  against  this  point  of  view  it  may  be 
pointed  out  that  heat  bears  no  labels — the  energy  may  have  been  very 
useful  in  producing  the  form  changes  before  it  appeared  as  heat. 
There  is  no  more  reason  for  expecting  the  energy  of  differentiation 
to  be  stored  up  in  the  embryo  than  that  it  should  be  stored  up  in 
plastic  deformation  of  non-living  objects.  We  conclude  from  the 
work  on  dwarf  embryos  (Tyler,  1933)  and  on  the  giant  embryos  that 
energy  is  required  for  the  form  changes.  As  was  pointed  out  in  the 
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previous  paper,  the  reason  for  the  indirect  method  of  attack  is  that 
we  may  recognize  at  least  two  other  processes  in  development,  namely 
maintenance  and  growth,  which  may  require  energy  and  which  it  was 
necessary  to  eliminate  as  factors  in  the  result.  The  problem  of  ob- 
taining a  quantitative  estimate  of  the  energy  required  for  differentia- 
tion may  now  be  attacked  and  a  number  of  methods  suggest  themselves. 
Among  them  the  effect  of  temperature  on  the  rate  of  development 
and  on  the  rate  of  oxygen  consumption  is  being  investigated  since  if 
maintenance,  growth,  and  differentiation  should  be  found  to  have 
different  temperature  coefficients  it  would  help  in  the  analysis  of  the 
problem. 

A  question  that  has  troubled  embryologists  for  some  time  is  why 
embryos  from  Vg-blastomere  may  develop  to  the  gastrula  stage  and 
then  stop.  As  a  possible  explanation  of  the  failure  to  develop  further, 
it  may  be  suggested  that  the  tiny  embryos  do  not  have  enough  energy 
left  to  go  on,  but  expend  it  all  on  the  relatively  increased  work  of 
gastrulation  and  on  the  accompanying  maintenance  and  growth 

requirements. 

Summary 

1.  Giant  embryos  produced  by  the  fusion  of  two  fertilized  eggs 
develop  more  rapidly  than  normal  sized  embryos. 

2.  The  bearing  of  this  result  on  the  energetics  of  differentiation 
is  discussed. 

3.  A  new  method  of  fusing  eggs  is  described. 
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